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THIS STOKER 


PAID FOR ITSELF IN 
ONE YEAR 





A year ago a Heavy Duty Type E Stoker was 
installed under a 354 hp. boiler in the power 
plant of the City of Alexandria, Alexandria, 
Minn. It has operated so efficiently since that 
time that the savings on coal alone have 
equalled the price of the stoker. Furthermore, 
the operation of this stoker has been so satisfac- 
tory that the other boiler in the plant has been 
taken off the line and is operated only when the 


Type E Stoker fired boiler is down for cleaning. 


The Type E Stoker Catalog describes the features of the 
stoker which made such performance records possible. 


May we send you a copy? 
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Heavy Duty Type E Stoker installed under 354 hp. bent- 


tube boiler. This stoker burns bituminous coal containing C Oo R PO R A T i Oo Ni 


12,380 B. t. u. as fired. Stoker length 8 ft.— width 9 ft. 1 in. 
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N the Bush Terminal, Brooklyn, New York, 
fourteen Westinghouse small turbines, driv- 
ing fans and pumps, are giving one hundred per 
cent satisfaction, according to terminal engi- 


neers. These turbines are applied as follows: 


4 Type 2-AMD of 40.5 hp. each, operat- 
ing at 1672 rpm. and driving forced- 
draft fans. 

4 Type 2-AMD of 37 hp. each, geared for 
driving induced-draft fans. 


“Turbines 


at Bush Terminal 


Left: Typical battery of three West- 
inghouse Type 2-AMD Turbines 
driving Worthington boiler feed 
pumps in Bush Terminal. 


give 
Entire Satisfaction 








Bush Terminal Company, Brooklyn, 
N. Y., comprises 142 buildings, 35 
miles of industrial tracks, 8 piers 
and in its various activities employs 
30,000 people. 


3 Type 2-AMD of 72.5 hp. each, driving 
boiler feed pumps at 2,500 rpm. 
3 Type 1-MD of 10 hp. each, driving 
centrifugal tank pumps at 2,300 rpm. 
All of these turbines are designed for 100-lb. 
gauge initial pressure, no superheat, and 2-lb. 
gauge back pressure. 
For dependable, satisfying service, there is a 


Westinghouse turbine for every job. Consult 
our nearest office for further details. 





Quality workmanship guarantees every Westinghouse product 
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AMERICAN “7H S%’ 


FORCED DRAFT 


; 


FAN 


Class III H. S. Fan equipped with inlet boxes for connection to pre-heater 


Orerratinc characteristics of American H. S. ‘Series 
30”’ fans ideally fit them for forced draft, and other applica- 
tions where rugged, sturdy units are required to deliver 
large volumes of air under varying pressure conditions. 
@ Operating at relatively high rotative speeds, American 
H. S. ‘‘Series 30’’ fans are especially applicable for direct 
connection to steam turbines and standard speed A. C. 
electric motors. @ Rotors are of the backward curved 
blade type, having a ‘‘non-overloading power character- 
istic’’, making it unnecessary to provide overload capacity 

in motors, and giving other important advantages. § Effi- 


American Rlower 


yo _-tlh VENTILATING, HEATING AIR CONDITIONING. DRYING. MECHANICAL DRAFT 


MANUFACTURERS OF ALL TYPES OF ALm 
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ciency is unusually high, being 79% at its highest point, and 
over 70% throughout practically the entire range of useful 
application. G You are invited to consult with the nearest 
American Blower Branch Office, without obligation, re- 
garding any mechanical draft or other air handling problems 
—or mail the coupon. 


AMERICAN BLOWER CORPORATION, DETROIT, MICHIGAN 
CANADIAN SIROCCO CO., LIMITED, WINDSOR, ONTARIO 
BRANCH OFFICES IN ALL PRINCIPAL CITIES 


American Blower Corporation, 6000 Russell Street, Detroit, Michigan 


Please send me, without obligation or charge: 


___Complete technical information on American Blower forced 
draft equipment. 


Complete information on Sirocco H. S. “Series 30” fans. 


Name_—_— 


Address- City 
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Pressures, Temperatures and Cycles 


HE number of power stations now operating on 

the high-pressure reheat cycle is such that, 
over the next few years, sufficient data should be- 
come available to indicate the overall advantages 
or disadvantages of this cycle as compared with 
more moderate pressures without reheat. That 
there is an advantage of several per cent in heat 
rate per kw-hr. is already established. Other fac- 
tors, such as reliability, availability, flexibility in 
operation, maintenance, etc., which, taken as a 
whole, measure the commercial utility of a method 
or practice, are, however, not yet established to the 
general satisfaction of the industry. The final an- 
swer will not be available in the form of a wrilten 
report, bearing authoritative approval, but will be 
reflected in decisions governing the design of new 
installations by engineers whose judgment com- 
mands respect. 

Recent development in the use of high tempera- 
ture is certain to exert an important influence; such 
influence is in fact already apparent. In some few 
cases, those active in the advancement of the reheat 
cycle state that they now foresee the high-pressure 
reheat cycle of moderate temperature as a transi- 
tory stage which may ultimately give way to the 
straight-through cycle using a pressure of 500 to 
700 Ib. with a temperature of 900 to 1000 deg. fahr. 
without reheat. 

The use of still higher pressure with extremely 
high temperature hardly seems probable,—first, be- 
cause the added increment of gain due to the added 
increment of pressure which may be realized in 
practice is not large, and, second, because the cost 
of construction and the difficulties to be overcome 
in design and operation, when combining high 
pressure and high temperature, are economic ob- 
stacles that cannot be readily surmounted. 

The present trend is somewhat obscured by the 
absence of any considerable volume of new work 
up for immediate consideration. Such limited 
work as is now being actively considered, however, 
would seem to indicate a trend to the simple cycle 
without reheat with a pressure of 500 to 700 lb. and 
a steam temperature of 825 to 875 deg. fahr. 

However pessimistic the view which may be 
taken of the future of the high-pressure reheat 
cycle, the industry is greatly indebted to present 
plants for distinct advancements in the art which 
are contributing to the building of better plants 
whether they be of the super high-pressure reheat 
cycle or the moderate-pressure, high-temperature 
variety. For example, the science of feedwater 
treatment has been tremendously advanced; the 
design and construction of boiler feed pumps has 
been greatly improved; gage glasses for high pres- 
sure have been perfected; forged steel drums and 
electric welded drums have been commercially de- 
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veloped; piping standards, flanged joints, and fit- 
tings have been greatly improved; and specialties 
in general have undergone intensive development 
and improvement all as direct requirements of 
super high-pressure operation. The importance of 
these developments when applied to plants yet to 
be built whether of the super-pressure, reheat-cycle 
type or of the moderate-pressure, high-temperature 
type will be conceded by all. 

The use of high pressure together with the urge 
for higher and higher temperature has stimulated 
intense activity in the acquirement of further 
knowledge concerning the behavior of materials 
commonly available and in the development of new 
materials. Future improvement in steam plant 
performance promises to be primarily a reflection 
of more accurate knowledge concerning present 
materials and the development of materials better 
adapted to high temperature conditions. 


Modern Research Technique 


N interesting example of modern research 
technique is given in this issue in the article, 
“Electrical Methods Proposed for Preventing Scale 
and Corrosion in Steam Boilers.” Here the prob- 
lem was to determine the effectiveness of certain 
systems of this type. 

First a list of practically all the patents in this 
field was secured and the more important of these 
selected for study. This study revealed the theories 
and principles upon which these patents were based 
as well as the actual methods developed for accom- 
plishing the patent claims. With this background 
the investigators turned their attention to the sev- 
eral systems to be evaluated and proceeded to check 
their performance by laboratory tests, experiments 
and actual field investigations. 

This was not intended to be an exhaustive inves- 
tigation of the subject. The primary purpose was 
to determine the practical value of certain selected 
methods. Nevertheless; the investigators saw fit to 
review the history of the art and to acquaint them- 
selves thoroughly with the principles involved 
before attempting to reach conclusions. 

Such investigations obviously do not always pro- 
duce results that have commercial value to the 
sponsor commensurate with the cost. On the other 
hand when the results have immediate commercial 
value, the industries served generally benefit in 
larger measure than the sponsor both in direct 
economies obtained through the use of improved 
methods and in the many advantages that ulti- 
mately attend the direction of development along 
the lines of correct principles and economic prac- 
tice. 
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History and Developments in the Art 


of Welding Ferrous Metals 


The fourth and concluding article in this 
series is devoted to the development of 
welding for pressure vessel applications. As 
is generally known, this development has 
come to the fore very rapidly during the 
past two years. Although the A.S.M.E. Code 
covering welded construction of power 
boilers was issued less than a year ago, the 
welding of boiler drums has already become 
an established practice and appears destined 
to become the principal method of fabrica- 
tion in this field. ... Mr. Moses gives a 
practical and intimate turn to his discussion 
of this phase of the welding development by 
telling of the experiences and practice of his 
own organization which has pioneered in 
this branch of the welding art. 


OTHING heretofore has so stimulated interest 
in the welding art as its proposed application 
to boilers and pressure vessels. It has furnished 
the greatest incentive to improve this art. The ad- 
mittedly rigid requirements so necessary in such 
welding application has brought about a codifica- 
tion of reliable testing methods. Previous to this 
awakened interest in the art little was known con- 
cerning the possibilities of welding. Most of the 
welding processes were held in sufficiently bad 
repute as to prohibit their use in the manufacture 
of boilers. The belated decision that this method 
of joining plates could be made applicable to such 
construction brought about a thorough investiga- 
tion of welding. The dependable and standardized 
test methods newly instituted have thoroughly dis- 
credited even that welding which has heretofore 
been considered good. Besides rooting out many 
false ideas, the accurate information derived from 
such testing has led the way in obtaining confi- 
dence in a reconstructed art.. In a large measure 
the interest aroused by pressure vessel welding has 
been directly responsible for the remarkable prog- 
ress made in the art during the past decade. 

The advantages to be derived from welding in 
this industry have long been appreciated. In fact 
it had been used to a small extent for many years. 
Experience gained from this and its use in effecting 
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PART IV 


By A. J. MOSES 


Hedges-Walsh-Weidner Company 
Chattanooga, Tenn. 


repairs did not increase confidence in the art. In 
connection with low pressure vessels of light plate 
thicknesses, it was considered unsafe construction. 
Its employment in the growing heavy plate fabri- 
cation was apparently out of the question. However 
it was the advent of high pressure vessels that made 
welding a live issue. The general weaknesses of 
riveted construction were emphasized in the build- 
ing of heavy wall vessels. Manufacturers began 
to realize that the possibilities of improving weld- 
ing were better than those of riveting. Also the 
realization that ideal welding was much to be pre- 
ferred over ideal riveting gave added impetus to 
the movement. . 
Long experience in the manufacture of riveted 
pressure vessels had proven that a ductile, low 
carbon steel is necessary in such construction. The 
ability to withstand shocks and fatigue stresses 
makes this material much more suitable than the 
higher tensile strength steels. Also from a prac- 
tical fabricating standpoint such material is easier 
worked and shaped. It is less apt to be injured by 
improper working and heating. The A.S.M.E. 
Boiler Code specifications for boiler plate prescribes 
this type of steel as being the most desirable for this 
purpose. Fortunately this was one of the most 
weldable materials. The problem of ideal welding 
lies in the securing of a joint or weld metal of the 
same physical and chemical properties as the base 
material. It was realized at once that stress reliev- 
ing or heat treatment of entire vessels would be 
necessary. All welding methods from their very 
nature result in highly stressed areas and in metal- 
lographic structures inferior to the plate material. 
The excellent physical properties of the latter are 
principally due to the refining operations through 
which it passes as a unit during its manufacture. 
Welding undergoes no such refining processes. 
Welding being essentially a localized operation, 
joints and adjacent plate material are subject to 
the ill effects of unequal heating and sudden chill- 
ing. If intrinsically good, welded joints can be 


vastly improved by subsequent annealing. There- 
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fore the problem is reduced to the requirement of a 
consolidated, sound joint of clean metal, chemical- 
ly, like the plate. 

In so important an application of welding the 
need of rigid test requirements is evident. Proper 
testing has played a leading role in the development 
and maintenance of safe construction. In this 
field it is extremely important. In riveted con- 
struction it could not be slighted. The strength of 
the poorest riveted joint will vary little from that 
calculated. But calculations must rely on the ac- 
curate testing of materials. The design and work- 
manship and the quality of the materials used must 
be continually checked. In connection with boiler 
plate material it is admitted that the most rigid 
testing is superfluous. The time of running a heat 
of open hearth steel is a matter of hours. The 
metal is dealt with in a large unit. The procedure 
is long established. Time is afforded for continu- 
ous checking and treatment if necessary. Being a 
large mass, a fair degree of uniformity in treatment 
and results is assured. Long experience has taught 
how to identify and correct harmful conditions. 
With welding the reverse is true. While the oper- 
ation may be continuous, the actual joining of unit 
areas is almost instantaneous. Little time is 
afforded for the detection and correction of errors. 
Welding is a sensitive operation. It is susceptible 
to slight changes in many contributing factors. The 
quality of the joint is largely dependent upon the 


constant control of these factors. The chances 
against uniformity are large. Variations in qual- 
ity can and do occur within the same joint. Weld- 
ing has not the metallurgical background of the 
Siemans-Martin process of making steel. Causes 
and effects are not yet thoroughly understood. 
Therefore the entry of welding into the pressure 
vessel field calls for the most rigid testing. The 
accuracy of the calculated strength and service ex- 
pected of a weld joint depends not upon what has 
been or can be done, but rather upon test result 
closely related to the particular joint. 

Interest in such welding requirements has been 
general. A few years back the interest of several 
companies took a practical turn. These companies 
undertook a serious study and development of the 
welding art in relation to the known requirement 
for pressure vessel application. While the formu- 
lation of a code was a joint effort, the selection 
and improvement of welding procedures were 
undertaken separately. One of these firms was The 
Hedges-Walsh-Weidner Company, a subsidiary of 
International Combustion Engineering Corporation. 
The writer has been in charge of the welding re- 
search done by this company since the inception of 
the work, and, in order to give the reader an appre- 
ciation of the problems that had to be met, both in 
the selection of a welding method and in its devel- 
opment to meet the exacting requirement of pres- 
sure vessel application, he will discuss the experi- 





Group of eight welded boiler drums ready for shipment. These drums vary in length from 13 ft. to 18 ft. 2 in., are 
42 in. in dia. with shell thickness varying from 1 7/32 in. to 15/16 in. They are to be used in two 612 hp. boilers 
designed for 450 Ib. pressure. 
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ence and present practice of his own organization. 

At the time this work was begun it was felt that 
no preliminary study was necessary to establish 
the evident unreliability of the common welding 
methods. The company had gained considerable 
experience in dealing with acetylene and with both 
manual and automatic arc welding. These meth- 
ods had been used with some degree of satisfaction 
in structural work and in the fabrication of tanks 
and range boilers. But their use was not permis- 
sible in important seams of power boilers and 
pressure tanks. In particular cases they were used 
in the manufacture of the latter vessels where the 
stresses were supposedly carried by staybolts or 
rivets. Even this limited use was the source of 
some trouble and expense. The defectiveness of 
such welding made evident the need of improve- 
ment. 

The selection of a method best suited to this class 
of work required a more detailed study. There 
were many factors to be considered in making such 
a selection, that of quality requirements being 
uppermost. That the process must be practically 
and economically applicable was self-evident. For- 
tunately the material to be welded offered no great 
difficulties in itself. But the sizes, shapes and 
thicknesses encountered in pressure vessels elimi- 
nated quite a few of the welding methods on the 
basis of quality and practical and economical ap- 
plicability. While resistance welding ranked high 
in regard to quality, it was not considered eco- 
nomically adaptable. No usable process was suffi- 
ciently trustworthy for this work. None, in which 
the human element was a negligible factor, was 
available. The nature and seriousness of probable 
defects in connection with the various methods was 
important. The ability to detect and repair such 
defects without recourse to several welding methods 
was considered most desirable. Strangely enough, 
that process which had given some of the poorest 
results, metallic arc welding, was chosen. The 
extreme simplicity and flexibility of this method 
had commended it to many investigators. Coated 
electrodes for metallic are welding had been intro- 
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Welded boiler drum 46 ft. long, 78 in. dia., 22 in. shell thickness. 





duced some years before. Many brands of these 
had been used by The Hedges-Walsh-Weidner 
Company. While they had not attained their pres- 
ent state of development, sufficient improvement 
had been obtained to justify the expectation that 
metallic are welding could be made satisfactory for 
pressure vessel welding. 

Stress relieving was accepted as a necessity. 
Opinion concerning this has not changed. The de- 
sirability of an efficient non-destructive test was 
appreciated. At that time this aid was thought 
unobtainable, or rather it was thought that the pro- 
posed methods were impractical. Since that time, 
x-ray examination of weld joints has proven both 
practical and efficient. (This valuable test method 
should receive the unqualified endorsement of all 
manufacturers and users of welded pressure ves- 
sels.) No standards had been established for the 
testing of weld joints. Published test data were 
unintelligible. This is still true to a large extent. 





Fifteen welded pressure vessels ready for shipment to a vapor 
recovery plant in a South American oil refinery. 


There seems to be an aversion to reporting tests in 
terms of established codes. For instance, the ten- 
sile strength of weld metals is often published to- 
gether with photographs of specimens showing a 
reinforcement of unknown amount at the joint. 
Also the heat history of the samples is neglected. 
The tensile strength is often calculated for weld 
metal through which a series of holes has been 
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Exterior view of x-ray car with welded drum in position for zadiography. 


drilled. This gives fictitious results. In some 
cases elongation has been given in terms of the 
elongation of these holes. Photographs of bend 
samples have been shown wherein little perceptible 
bending has occurred in the weld joint. Much of 
this is unimportant but nevertheless misleading. 
We have all been guilty of having striven to present 
these matters in a novel and spectacular manner. 
It was necessary to combat just such a condition of 
affairs in formulating a reliable test code. From 
the start of this development The Hedges-Walsh- 
Weidner Company realized the importance of cor- 
recting these conditions and has been willing to 
cooperate in the standardization and codification of 
test methods. 


The welding procedure finally developed was the 
result of an extended study of the many variables 
encountered in metallic are welding and involved 
an immense amount of experimental work. It may 
be described as a mode of fusion welding which 
embraces the use of a shielded metallic arc, the 
employment of selected materials and welding 
equipment, and the establishment of an efficient 
procedure and a trained organization. Since the 
adoption of the A.S.M.E. Welding Code all welded 
vessels have been checked and tested in compliance 
with the provisions of that Code. This has been 
under the supervision of an inspection agency 
which has followed closely the development of this 
application. 


The development work, as well as the routine 
checking of production jobs, necessitated the in- 
stallation of a fully equipped laboratory. Numer- 
ous tests have been made of various electrodes and 
base materials. The effects of the size of electrode 
and current characteristics have been studied. 
Means of controlling the arc, arc lengths and the 
requirements of welding machines have been inves- 
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tigated. A satisfactory and unique covering mate- 
rial for the weld rods was early attained. 

From a careful investigation of good and bad 
results the proper technique was established. As 
was expected, chemical and physical testing was 





Radiograph of weld seam in 4 in. thick boiler plate 


Weld reinforcement removed—centerline of seam extends horizontally 
tarough center of photograph. Numbered light spots show holes drilled 


in plate material to following depths: No. 1—.16 in., No. 2—.24 in., 
No. 3—.72 in. (The drilled holes as well as the marker and number 
at the top o: the plate showed up clearly in the original photograph 
which also showed an additional hole drilled to a depth of .08 in.) 
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Fusion weld. Metallic arc weld made with a coated electrode 








. Transverse Metallic arc weld made with a coated electrode. Transverse tension test 






bend test of stress relieved specimen. Plate thickness is 2 in. Elonga- of a stress relieved specimen. Plate thickness is } in. Note that a long 
tion of outer fibers of deposited metal amounts to 98 per cent. Note reduced section results in plate failure to side of weld where no serious de- 
elongation of Brinell mark. fects are present in the welded joint. 
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Metallic arc weld made with a coated electrode. Transverse bend test exceptionally good metallic arc weld made with a bare electrode. 
specimen. Plate thickness is | in. Specimen has been stress relieved. Transverse bend test specimen. Plate thickness is 1 in. Specimen has 
Elongation of outer fibers of deposited metal amounts to 60 per cent. been stress relieved. Elongation of outer fibres of deposited metal amounts 


to 22 per cent. 





Metallic arc weld made with a coated electrode. Stainless steel of the Metallic arc weld made with coated electrode. Transverse tension test 
15 per cent to 18 per cent chrome variety. Transverse bend test of an specimen. Plate thickness is 2 in. Specimen has been stress relieved. 
annealed specimen. Plate thickness is “2 in. Elongation of outer fibres Tensile strength—59,850 Ib. per sq. in. Failure occurred through center 
of deposited metal amounts to 30 per cent. of deposited metal. Note the ductility of this metal as shown by the re- 


duction in area at this point. 


Metallic arc weld made with a coated electrode. Test specimen of all Tension specimen made of boiler plate material: Net area at both points 
weld metal. Diameter of coupon is ‘2 in. Yield point—40,000 Ib. per of failure was 1 sq. in. Tensile strength at machined section was 59,600 
sq. in. Tensile strength—63,250 Ib. per sq in. Elongation in 2 in.—32.5 Ib. Tensile strength at drilled section was 76,300 Ib. 


per cent. Specimen has been stress relieved. 
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found necessary in the control of electrode and 
plate material. Difficulties were encountered mak- 
ing indispensable the checking and controlling of 
practically all of the elements entering into the 
welding operation. Since the operator, whether 


Welded drums shown within annealing furnace. 





manual or machine, is the most uncontrollable 
agent present, an attempt was made to minimize 
the effect of human errors. This has been re- 
warded with a fair degree of success. If no errors 
are committed by those responsible for the prepara- 
tion and carrying out of the welding procedure, 
almost infallibly good results will follow. No or- 
ganization can measure up to this degree of effi- 
ciency. While conscientious inspection and relia- 
ble testing will divulge the seriousness of defects, 
their correction is generally expensive. 

For this reason, and not through any lack of 
faith in testing methods, it was desirable to give 
all welders a thorough training course. After a 
preliminary training in the rudiments of the art, 
they were given plates one inch thick and thirty 
inches long to be welded. These plates were of 
sufficient length to insure the use of more than one 
electrode in the laying of each bead. Each welder, 
without assistance, was required to produce at least 
five consecutive welds without flaws. These sam- 
ples were subjected to all the tests prescribed by the 
A.S.M.E. Code for Grade I welding. Joints giving 
practically perfect radiographs were demanded. 
Physical test results considerably above the Code 
specifications were also required. After success- 
fully completing this training course, the welder 
was adjudged qualified to weld on plate thicknesses 
up to one inch. Before being permitted to weld on 
heavier material, he was required to make addition- 
al samples of 1% in., 2 in., 2% in,. 3 in. and 
4 in. plate. All such weld samples have been 
clamped rigidly so as to prevent warping and to 
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insure the locking up of all shrinkage stresses. 

In addition to the above, attached samples have 
been required for every production job, regardless 
of the grade of welding specified. Each welder has 
been assigned a number. A complete test record 
foreach welder is maintained. This includes both 
qualifying and identifiable production welds. All 
samples have been stress relieved in accordance 
with Code requirements, but have not been nor- 
malized. The results of nearly 500 samples of 
qualifying welds is given below. These were made 
by various welders, most of whom were novices 
in the welding art. The lists include both the 
acceptable and the unacceptable welds. That is, 
they constitute a complete history of the qualify- 
ing tests of the welders from their very first efforts : 








Code Average Per Cent 
Test Requirements Results Failures 
Free bend test....... 30 per cent 50.7 per cent 2.6 
elongation 


outer fibres 
Transverse tension... 55,000 Ib. per sq. in. 


58,300 Ib. per sq. in. 9.1 
Specific gravity, all 


weld metal........ 7.80 7.842 12 
Yield point, all weld 

metal ............ 27,500 lb. per sq. in. 38,800 Ib. per sq. in. 0 
Elongation in 2 in., 

all weld metal..... 20 per cent 29.45 per cent § 


Tensile strength, all 


Weld metal. ..c0cs 55,000 Ib. per sq. in. 60,000 Ib. per sq. in. 5 





Practically all of the samples which failed 
physically were radiographically unacceptable. 
The fact that the transverse tension test shows more 
failures is worthy of note. These samples were not 
machined according to Code specifications to force 
failure in the weld metal. The reduced section was 





Partial view of laboratory equipment. 


machined somewhat wider than the weld so as to 
disclose possible side-wall defects. Radiographs 
show that inexperienced welders have more diffi- 
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culty here than elsewhere. Tensile specimens hav- 
ing such defects will not always fail in physical 
requirements if the reduced section is not consider- 
ably wider than the welding groove. Also the loca- 
tion of specific gravity samples as specified in the 
Code does not totally include side-wall defects. In 
many cases the specific gravity came up to require- 
ments, where radiographically the joint was 
undesirable. 

In production work these same records are main- 
tained. This constitutes a perpetual qualification 


ination over other tests is not maintained in every 
case. Since the compilation of the above data, two 
entire welds have been rejected and re-welded on 
the basis of physical properties. While the radio- 
graphs of these were good and the test results above 
Code requirements, the quality was so far below 
previous standards as to cause removal and re- 
placement of this metal. From this experience, the 
complete testing of welded vessels, as prescribed, 
is deemed necessary in the production of joints of 
unquestionable quality. 





Welded pressure vessels ready for shipment. 
is a bubble tower 59 ft. 8 in. long, 84 in. dia. and 1% in shell thickness. 


test of welders. This company has produced many 
unfired pressure vessels and boilers before and 
since the adoption of the present Code. All such 
welds were, of course, made by qualified welders. 
A compilation of the test records of these to with- 
in a short time ago gave the following results: ° 





Per Cent 





Test Average Results Failures 

eee ee ee ae 51 per cent elongation 

of outer fibres 0 

Transverse Tension ........... 59,500 Ib. per sq. in. 0 

Specific gravity, all weld metal.. 7.845 . 0 

ield point, all weld metal...... 41,300 Ib. per sq. in. 0 

Elongation in 2 in., all weld metal 31.75 per cent. 0 

Tensile strength, all weld metal.. 61,200 Ib. per sq. in. 0 





Physically the most noticeable superiority of this 
welding over that of unqualified welders is in con- 
sistency. There is very little difference in average 
physical results. The difference is most clearly 
shown by radiography. X-ray examination, as 
applied to this particular welding process, has 
proven a more rigid inspection tool than the 
physical testing of attached samples. The maxi- 
mum porosity allowed has been much less than is 
acceptable under the new Code. No complete 
welds have been rejected on the basis of radio- 
graphy, but many local defects have been discov- 
ered and removed. The superiority of x-ray exam- 
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These vessels are all designed for 250 lb. pressure. 


The largest of the three shown 


There are a number of welding processes now in 
vogue in the fabricating of welded pressure vessels. 
Each is probably susceptible to certain distinct 
weaknesses. A test code should furnish the means 
of detecting all such weaknesses. Manufacturers 
should willingly submit their product to these tests, 
even though some of them may appear unnecessary 
in some cases. With an increase in collective ex- 
perience, some may be eliminated. On the other 
hand it may be necessary to add others. From the 
experience gained in the code testing of welds made 
by the above described process, the following con- 
clusions have been drawn: 

It does not appear probable that doubtful welds 
could result where unfired pressure vessels and 
boilers are built in accordance with the Grade 41 
welding specifications of the new A.S.M.E. Code. 
These requirements are considered to be far from 
too rigid. The preparation of the transverse tensile 
test specimen could be bettered. The preparation 
of this sample as now prescribed, in an attempt to 
force failure within the deposited metal, leads to 
fictitiously high results. It may also fail to show 
the true value of the juncture between deposited 
metal and base material. A reduced section two 
inches longer than the width of welding groove 
would lead to more accurate results. The specific 
gravity test does not appear necessary since joints 
are x-rayed. The inspection of joints by x-ray 
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examination is held of the highest importance. 
Welds of a quality equal to that of the plate mate- 
rial cannot be produced under ordinary visual 
inspection. 

This company has never been in sympathy with 
_ the leniency of the requirements for Class 2 weld- 
ing as written in the new A.S.M.E. Welding 
Code. This refers both to the class of vessels in 
which this grade-of welding is permitted and to 
the reduced test requirements as finally adopted. 
Experience gained in the production and testing of 
welds under Class 1 specifications has confirmed 
this position. While recognizing that the use of 
this grade of welding, is permissible in certain 
cases where plate thicknesses do not exceed 4 in., 
its use in pressure vessels which are to contain 
explosive gases or liquids is considered improper. 
Also, the substitution of periodical qualification 
of welders for test samples from each individual 
vessel will undoubtedly lead to an inferior grade 
of welding. No continuous checking of welding 
procedures is comparable to continuous checking 
of welding results. No one can deny the necessity 
of good welding in the fabrication of vessels which 
are to contain highly expansive fluids at elevated 
pressures and temperatures. No one can assume 
that good welds have been produced in the absence 
of reliable test data. The hydrostatic test is im- 
portant, but not sufficient. More vessels have failed 
after succesfully withstanding this test than have 
failed during this test. Stress relieving is also 
important, but should be viewed as supplementary. 
It cannot make safe an unsound, unclean and struc- 
turally defective joint. At the present time x-ray 
examination of weld seams and physical testing 
of closely related: samples are the most reliable 
means of determining the quality of welded joints. 

By adhering closely to the Class 1 requirements 
of the Code, assurance can be given concerning 
the reliability of every vessel so constructed. The 
development of a correct welding procedure made 
such construction possible. The application of 
correct testing methods made such construction 
a fact. The maintenance of a higher standard 
entails a greater expense. This is to be expected 
and should be accepted in applying welding to this 
very important field of pressure vessel fabrication. 
The unknown concerning the welding art is still 
greater than the known. Most methods can and 
doubtless will be greatly improved. After lagging 
for years the accomplishments in steel manufac- 
ture, the welding art may possibly share the lead 
in the production of quality materials. Also bet- 
ter methods of. testing may be devised. But the 
elimination of the necessity of rigid test require- 
ments can hardly be anticipated. 





Goulds Pumps, Inc., announces the removal of its 
Chicago office to 35 East Wacker Drive. The ware- 
house is at 217 No. Jefferson Street. 





E. B. Freeman Elected President 
of the B. F. Sturtevant Company 


T a meeting of the 

board of directors 
held on March 30, E. B. 
Freeman, formerly vice 
president and general man- 
ager of B. F. Sturtevant 
Company, Hyde Park, 
Mass., was elected presi- 
dent. 

Mr. Freeman succeeds 
former Governor Eugene 
N. Foss, who becomes 
chairman of the board. He was educated in 
mechanical engineering at the Worcester Polytech- 
nic Institute and has been connected with the 
Sturtevant company practically since his gradua- 
tion. Starting in the sales engineering department, 
he served as manager of the power apparatus de- 
partment, before becoming general manager. 

Mr. Freeman is a member of the Engineers Club 
of Boston, the University Club, Brae Burn Golf 
Club. He lives at Bald Hill, Newton, Mass. 





Walter C. Baylies is Now President 
Boston Edison Company 


The Edison Electric Illuminating Company of 
Boston elected Walter C. Baylies president succeed- 
ing the late Charles L. Edgar, at a special meeting 
held on April 18 for the purpose of completing the 
organization. In addition to the action taken on 
the presidency, Frank D. Comerford, president of 
the New England Power Association, was elected to 
the board and made a member of the executive 
committee. 

For the past 33 years Mr. Baylies was chairman 
of the executive committee of the board of directors 
and long senior vice-president. He was graduated 
from Harvard College in 1883. His first association 
with the Edison Company was in 1891 when he 
became vice-president and director. His many 
directorships and banking, railroading and manu- 
facturing connections have made him an outstand- 
ing figure in Boston business circles. 

After the meeting the company issued a stale- 
ment pointing out that the continuance of the poli- 
cies of the late president is assured by the election 
of Messrs. Baylies and Comerford. Through close 
association with Mr. Edgar and his long vice- 
presidency and directorship, Mr. Baylies has been 
intimately acquainted with the company’s policies 
and activities and familiar with its personnel. Mr. 
Baylies has been a director of the New England 
Power Association practically since its organiza- 
tion. The election of Mr. Comerford as a director 
of the Edison Company will, it is believed, assure 
the continuation of the cordial relations between 
the two companies and the Edison board will have 
the advantage of Mr. Comerford’s intimate knowl- 
edge of the industry. 


May 1932—COMBUSTION 





grebrsild peso! 





rere saers 












Water-Cooled Furnaces 


for Underfeed Stokers 


By OTTO de LORENZI 


In the earlier stages of its development, 
watercooling of furnace walls was considered 
principally in connection with pulverized 
fuel firing. As the development proceeded 
the possibilities of its application to stoker- 
fired furnaces were realized and many suc- 
This field 
of the water-cooled furnace has been more 
or less neglected in the technical press, and, 
consequently, COMBUSTION is glad to have 
the opportunity of publishing this able and 
comprehensive discussion of the subject. In 
a later article the author will deal with the 
application of watercooling to traveling grate 
stoker settings. 


cessful installations were made. 


N appreciable item, in the cost of steam pro- 

duction, is furnace maintenance and the re- 
sultant boiler outage. This becomes even more ap- 
parent as the capacities of stoker-fired furnaces are 
increased. Improvements in stoker as well as fur- 
nace designs are such that it is possible to operate 
with a very low margin of excess air. Because of 
this fact the CO. content of the furnace gases is 
high and, as a result, the furnace temperature is 
also high. These conditions impose severe punish- 
ment on refractory linings, thereby accelerating 
their ultimate failure and requiring frequent re- 
newal. 

While the water-cooled furnace was developed 
for and found its principal use in pulverized-fuel- 
fired installations, it is also being applied, with con- 
siderable success, to many stoker-fired boilers. The 
application of these water-cooled linings has served 
to minimize furnace outage and to reduce mainte- 
nance to a point where these factors become quite 
insignificant in the total cost of steam production. 
In addition to reducing furnace maintenance, wa- 
‘ercooling also serves to decrease the cost of stoker 
repairs. When a multiple retort type of stoker is 
installed in the conventional refractory furnace, the 
lower end of the machine is exposed to the exces- 
sive heat radiated from the incandescent bridge 
wall. If the coal burned contains a low percentage 
of ash, the protective coating of refuse at the rear 
end is very thin and as a result the grate surface 
will be burned in a short time. Using fuel of 
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higher ash content may serve to reduce the action 
of the heat somewhat, by providing a thicker cov- 
ering over the end of the grate. This covering, 
however, is lost whenever the ashes are removed 
and then the bare grate is temporarily exposed to 
the full furnace temperature. Because of the high- 
er ash content of the fuel, it becomes necessary to 
clean fires often and before long we have the end 
of the grate burned and in need of repairs. Fre- 
quently the coal will contain an ash which has a 
relatively low fusion temperature. As a result 
bridge-wall clinkers will be formed and their size 
will usually increase with increased combustion 
rate. If not removed in time, they may extend 
from the bridge wall sufficiently to force a reduc- 
tion in rating or even cause a shutting-down of the 
unit until their removal is effected. The applica- 
tion of watercooling to the bridge wall, when 
using either the dump grate or clinker grinder type 
of machine, will serve to reduce materially the 
amount of heat radiated to the rear end of he 
stoker. As a result, the temperature of the grate 
surface, even though exposed, is kept sufficiently 
low so that burning occurs at a materially de- 
creased rate, or is entirely eliminated. Thus re- 
placements are required only at infrequent inter- 
vals. In addition to cooling the grate, the 
water-cooled type of wall serves to chill the ash 
and refuse down to a point where the danger of 
clinker formation is eliminated. Furthermore the 
nature of the water-cooled surface, itself, is such 
that it would be practically impossible for clinker 
formations to adhere tenaciously to it. 

Another source of annoyance, maintenance and 
reduction in operating efficiency is the formation 
of side-wall clinkers. These clinker formations, 
where present, plough up the fuel bed at the walls 
and bare the grate surface. When this happens 
the surface is exposed to the full furnace tempera- 
ture and, in time, will be burned and require fre- 
quent replacement. Furthermore, because of the 
reduced resistance, in the exposed areas, a consid- 
erable quantity of excess air will find its way into, 
and materially lower the CO, content of the furnace 
gases at the side walls. This reduction in CO, 
content means an increase in the amount of heat 
carried away by the stack gases and therefore a 
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reduction in operating efficiency. A CQ, traverse 
of the gas stream at the boiler outlet, when side- 
wall clinkers are present, may show as much as 5 
per cent difference between readings at the side 
wall and at center of the gas stream. In an effort 
to overcome this difficulty, it is necessary for the 
stoker operator to frequently slice the side walls to 
keep them clean. As these clinkers adhere tena- 
ciously to refractory surfaces, the walls are dam- 
aged and require frequent repairs. In addition the 
fuel bed is disturbed and holes in the fire may result 
in reduced CO, in the boiler outlet gases. The fre- 
quent opening of doors also allows air to be drawn 
in from the boiler room, resulting in reduced oper- 
ating efficiency. 

The high side-wall type of air-cooled tuyeres 
was developed to aid in reducing the formation of 
these troublesome clinkers, by providing a relative- 





Fig. 1—Early installation showing partial refractory wall above 
high side-wall tuyeres.. 


ly cool surface in contact with the sides of the fuel 
bed. These tuyeres are provided with generous air 
openings so as to minimize burning. Their height 
corresponds to the average thickness of the fuel 
bed from the front to the rear of the stoker. Be- 
cause of this fact, when the fuel bed is thickened 
up at the front end, it may come in contact with the 
refractory side walls, and clinkers will be formed. 
The tuyeres are then bared, as the clinker grows, 
and considerable air finds its way into the furnace 
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without first passing through the fuel bed. Flame 
impingement occurs and localized heating will 
cause these tuyeres to be quickly burned. Thus 
they become a source of considerable maintenance. 

The application of side-wall watercooling will 
serve to eliminate or make easy the removal of side- 
wall clinker formation. In addition to this, main- 
tenance is practically eliminated because all refrac- 
tory surfaces are removed from the zone of the fuel 
bed. It is then possible to eliminate the high side- 
wall tuyere and extend the grate surface to the side 
walls. A uniform fuel bed may now be maintained 
from side wall to side wall and, at the same time, 
the amount of manhandling and inspection is al- 
most entirely eliminated. This construction is con- 
trary to the design used in the early installation 
provided with water-cooled side walls. In Fig. 4 
we have an illustration of one of these earlier de- 
signs of water-cooled, multiple-retort stoker set- 
tings. It will be noted that the side-wall refrac- 
tories are carried to a height above the side-wall 
tuyere, to prevent the fuel bed from coming in con- 
tact with the water-cooled surface at all times. The 
reason for this is to prevent the cooling of the fuel 
bed at the sides: It was thought that this chilling 
effect would be sufficient to retard combustion, at 
the sides, to a point where material loss in carbon 
to the ash pit would result. In later installations 
the high side-wall tuyeres were retained and the 
refractory practically eliminated. An installation 
having this design characteristic is shown in Fig. 2. 
No increase in ash-pit loss was noted. As a result 
of this experience, it was decided to eliminate en- 
tirely the side-wall tuyere and carry the watercool- 
ing down to the normal grate line. A number of 
installations of this latter type indicated that with 
the proper design of grate surface, the fuel bed 
could be completely burned, even though in contact 
with the water-cooled, side-wall surface. This 
type of construction, therefore, overcomes the 
earlier design disadvantages and makes possible 
more uniform operating results. 

The amount of side-wall cooling to be provided 
in any given installation will depend on a number 
of variable factors, of which furnace size liberation 
rates and type of fuel are the most important. 
Where the furnace is large and the heat liberation 
rate relatively low, four or five rows of tubes, 
paralleling the stoker surface, will be sufficient. 
Where the furnace is small and the fusion tem- 
perature of ash in the coal is low, it may be neces- 
sary to entirely cover the side walls so that the fur- 
nace temperature may be maintained sufficiently 
low to prevent the formation of slag deposits in the 
boiler tube bank. Where a poor grade of coal is 
burned, in nearly all instances, the atmosphere in 
the furnace, due principally to the presence of sul- 
phur and iron, will cause extreme erosion of the 
refractories. This source of maintenance is almost 
entirely eliminated by the installation of completely 
water-cooled walls. 


Furnace wall construction may be divided into 
two general classifications, the bare-tube and the 
protected-tube types. 
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The bare-tube type of construction may be de- 
fined as one in which the wall is composed of plain 
bare tubes. The cooling surface, in this case, is 
directly exposed to furnace temperature and is ca- 
pable of absorbing heat at an extremely high rate. 
The simplest form of construction consists of plain 
tubes, spaced on uniformly close or wide centers, 
and covering the area of furnace wall that needs 
protection. The tubes usually terminate in head- 
ers. Downcomer tubes from the boile? supply the 
water to the lower headers. Riser or relief tubes 
extend from the upper headers to the boiler drums. 

The protected-tube type of construction may be 
defined as one in which the wall is composed of 
tubes which are protected on the furnace side by 
castings. These castings may be bolted, shrunk or 
cast onto the tube surface. 


In the case of the “bolted-on” type of construc- 
tion, the tubes are accurately lined on relatively 
wide centers. Cast iron blocks, in which the tube 
seats are accurately ground, are then bolted to the 
tubes with plastic bonds of high heat conductivity 
between the block and the tubes. Considerable 
care must be exercised in the erection of this type 
of wall in order to secure good contact between the 
tube and block and to minimize burning of the cast 
surface. Because it is impossible to maintain full 
contact between the block and the tubes at all 
times, a resistance to the heat flow is set up between 
the exposed surface and the water. As a result, 
this type of construction is capable of absorbing 
approximately one-fourth the amount of heat per 
square foot absorbed by the bare-tube type of con- 
struction. 


In the type of construction using the “shrunk-on” 
block, the blocks themselves are bored to gage, 
heated and shrunk onto accurately gaged seamless 
tubes. Here again we have a type of construction 
which depends on mechanically-maintained con- 
tact for the transfer of the absorbed heat. When 
the blocks are brought up to temperature, in the 
furnace, they expand and do not grip the tubes as 
tightly as when cold. As a result a heat gap is set 
up with the resultant lowering of the rate of heat 
transfer to the water contained in the tubes. How- 
ever, the extent of this heat transfer rate may in 
time reach one-half that possible with the bare- 
tube type. 


The third and most important type of protected 
wall construction is the one using the “cast-on” 
type of block. In this case the furnace side of the 
tube has a flat cast-iron surface which is actually 
integral with the tube. The blocks are cast onto the 
tubes by a temperature control process. An actual 
weld occurs where the cast iron joins the tube elim- 
inating the possibility of any heat gap. While the 
outward appearance of this wall is similar to that 
of the “bolted-on” block type, it has the feature of 
almost as high heat absorption as the bare-tube 
type. It has also the added feature of not requiring 
any type of panel casing construction to make the 
rear of the tube accessible for repair and mainte- 
nance. These tubes may be set in front of a solid 
refractory wall, thereby eliminating costly and spe- 
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cial supporting steel for side-wall supports. This 
is particularly true where the horizontal type of 
wall is used at the sides of stokers. Furthermore, 
erection costs and time for installation are reduced 
because each tube and its blocks is shop-assembled. 


In deciding on the type of water-cooled construc- 
tion to be used in connection with a stoker-fired 
installation, consideraion must be given to first 
cost, maintenance, and the ability of the wall to 
provide the necessary degree of wall protection. 
The relative heat absorbing capacities of the differ- 
ent types of construction is also a factor which 
should be evaluated. Both the bare tube or the 
cast-on block type of protected tube meet all of 
these requirements, and therefore are the yardsticks 
for measuring any other constructions. A simple 
and quick check on the effectiveness of any wall is 
the number of downcomer and riser tubes provided. 
The area of these tubes is dependent on the area of 
the wall exposed, the effective water head on the 
wall, and the amount of heat absorbed. It will thus 














Fig. 2—-Water-cooled side walls with high side-wall tuyeres and 
refractory practically eliminated. 


follow that the most effective wall will be the one 
with the greater number of downcomers and risers. 

When considering the installation of horizontal 
wall screens, along the sides of a stoker, the ques- 
tion of ample downcomers and risers is of great im- 
portance. These screens have a relatively slight 
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slope, and therefore a low head, to provide the 
necessary circulation. Unless the upper or outlet 
header is sectionalized and a riser provided for each 
two or three horizontal tubes, recirculation and 
stagnation is liable to occur. As a result of this, 
the tubes will blister and burn in a very short time. 
By sectionalizing the outlet header, circulation is 
speeded up and danger from failure is eliminated. 
It has been the general practice, where the bolted-on 
block construction is used, to cut down the number 
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Fig. 3—Combination cast-on block and bare tube construction 
with inclined type side wall. 


of downcomer and riser connections, because of 
the reduced capacity of this type of wall as a heat 
absorber. However, should a block become loos- 
ened or burned, the supporting tube will be blis- 
tered and rupture in a very short time. The outage 
and cost of replacement, because of this failure, 
will more than pay for the additional risers and 
downcomers required to insure adequate circula- 
tion. 
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In order to indicate more clearly the possible 
variation in the amount of wall cooling provided 
for multiple-retort stoker installations, a number of 
illustrations is presented. 

The sectional header boiler installation, shown 
in Fig. 3, is designed to burn a good grade of bitu- 
m‘nous coal, at moderate combustion rates. The 
boiler is set relatively high and therefore ample fur- 
nace volume is available. Along the furnace side 
walls a horizontal arrangement of water-cooled 
surface is provided, composed of eleven rows of 
tubes on 7-inch vertical centers. The lower seven 
rows are of the cast-on, integral-block type and 
provide a smooth surface along which the edges of 
the fuel bed pass. The upper four rows are com- 
posed of bare tubes. Four downcomer and six 
riser tubes are provided to insure rapid and ade- 
quate circulation at all times. The rear wall con- 
sists of vertical tubes on 7-inch horizontal cenlers. 
The lower ends of these tubes are armored with in- 
tegral, cast-on blocks to a height corresponding to 
the armored side wall. The upper portion of the 
tubes is bare. This type of wall is capable of high 
rates of heat absorption, thus serving to lower ma- 
terially the furnace temperature and at the same 
time reducing furnace refractory maintenance lo a 
very low figure. 

The bent-tube boiler installation shown in Fig. 4 
is provided with side and rear watercooling. In 
this instance, the tubes are installed vertically and 
completely armored. The bolted-on type of block 
is used. As a result it is necessary to provide a 
paneled type of wall construction so that renewals 
of the wall blocks may be accomplished with a 
minimum cost. This type of construction is costly 
because of the field labor involved in proper erec- 
tion of the wall, and also because it is necessary to 
provide the insulated panel casing instead of the 
solid refractory type of construction. As a cooling 
medium this wall is approximately 33 per cent as 
effective as the bare-tube type. Its effect in lower- 
ing furnace temperature is less than in the con- 
struction shown in Fig. 3. 


In Fig. 5 is shown what may be considered a 
modification and improvement of the design in 
Fig. 4. In this instance we have a water-cooled 
rear wall, the lower section of which is provided 
with cast-on integral blocks, while the upper sec- 
lion is of bare tubes. The upper ends of these rear 
wall tubes are expanded into the lower end of the 
boiler header. The wall thereby becomes a really 
integral part of the boiler unit. The side-wall cool- 
ing surface is composed of vertical tubes. The 
lower ends of these tubes, for a short distance above 
the grate line, are provided with cast-on blocks so 
that a smooth surface is presented to the fuel bed 
sides. The upper ends of the side wall tubes are 
bare and exposed to full furnace temperature. The 
cooling effect on the furnace gases of this type of 
construction is considerably greater than that of 
the construction shown in Fig. 4. Because of the 
block design used, the side walls may be construct- 
ed of solid refractory. The rear wall is of the pan- 
eled, suspended type because of the slope made 
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necessary by the difference between the furnace 
depth and stoker length. 

The use of water-cooled furnace linings with the 
single-retort type of underfeed stoker, has been lim- 
ited to a very few installations. The principal rea- 
son is that the boiler units are small in the majority 
of cases, and the actual maintenance cost of fur- 
nace repairs is so low that it is not always possible 
to justify the first cost. However, where the fuel 
cost is high and continuity of service is a controll- 
ing factor, serious consideration must be given to 
providing a type of furnace lining which will re- 
quire practically no repairs. In Fig. 6 is illustrated 
an installation of this type which has been in satis- 
factory operation since 1929. The boiler is of the 
straight-tube, box-header type and is fired by a 
single-retort, underfeed stoker. The fuel is Ohio 
bituminous coal which has a relatively low fusion 
temperature of ash and a high sulphur content. 
The water-cooled furnace linings are installed to 
prevent clinker formation at the dump plate line, 
and to eliminate fluxing of the refractories in the 
upper part of the furnace. These linings consist 
of 4-inch tubes, spaced on 7-inch horizontal cen- 
ters, extending from the ash pit along the furnace 
side walls and through the boiler roof. In order to 
do this the actual furnace and first pass width of 
the boiler was increased 9 inches. The lower por- 
tion of the tubes, from the header to a point 12 
inches above the dump grate level, is armored with 





Fig. 4—Bolted-on block wall construction. 


cast-iron blocks. The upper portion of the tubes is 
left bare so that the maximum wall-cooling effect 
may be obtained. This type of construction is ex- 
tremely simple and relatively inexpensive, yet, at 
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the same time, it is very effective in accomplishing 
the purpose for which it is installed. 

Frequently the question is asked, “Will the instal- 
lation of water-cooled furnaces serve to increase the 
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Fig. 5—Combination cast-on block and bare tube construction 
with vertical type side wall. 


capacity of an existing stoker-fired unit?” The an- 
swer to this may be either yes or no, depending on 
certain operating factors. 

A water-cooled furnace makes it possible to de- 
velop the full fuel burning capacity of a stoker, 
provided sufficient draft is available to remove the 
resulting products of combustion. In installations 
where this capacity is not developed (because of 
high stoker maintenance) it is possible to increase 
the steam output, by the addition of properly de- 
signed cooling surfaces. In other instances the 
full fuel burning capacity of the stoker may not be 
developed, because a high percentage of excess air 
is used to lower the furnace temperature and pre- 
serve the refractory lining. This results in an in- 
crease in the boiler draft loss, to a point where any 
further increase in output would require operation 
with pressure in the furnace. At the same time the 
increase in excess air serves to lower the overall 
efficiency of the unit. By providing a suitably 
water-cooled furnace, it is possible to reduce the 
excess air requirements to a minimum, and thereby 
reduce the boiler draft loss and increase the effi- 
ciency. It now becomes possible to increase the 
rating, of the unit, by an amount equivalent to the 
difference in draft loss and efficiency, between the 
condition of excessive and normal excess air. 

When a stoker is operating at its full burning 
capacity, or when the entire amount of available 
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draft is being used, the simple addition of furnace 
wall-cooling will not serve to increase the capacity 
of the unit. The fact that this surface is located in 
the furnace, and is capable of absorbing heat at a 
high rate, does not mean that the heat so absorbed 
is added to that absorbed by the boiler, prior to 
waterwall installation. The wall surface simply 
serves to increase the rated capacity of the unit, and 
thereby reduces the actual work done by the boiler. 
Because the rated capacity of the unit is increased, 
by an amount equivalent to the amount of surface 
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Fig. 6—Combination block and bare tube wall in setting fired by 
single-retort, underfeed stoker. 


installed in the furnace, the boiler outlet tempera- 
ture is reduced to correspond to the actual rating, 
on the combined boiler and furnace. This point is 
best illustrated by an example. Assume a 750 hp. 
boiuer is equipped with an underfeed stoker and 
has an outlet temperature of 625 deg. fahr. at 250 
per cent of rating or 1875 developed horsepower. 
Now assume that this same boiler has 800 sq. ft. of 
water-cooled surface added in the form of furnace- 
cooling, and that the rating is still equivalent to 
4875 developed horsepower. The actual rated 
capacity of the reconstructed unit is 750 plus 80 or 
830 hp. The actual rating at which the unit is now 
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operating is 225 instead of 250 per cent, and the 
exit gas temperature is reduced, in an amount, cor- 
responding to the reduction in rating. This reduc- 
tion in boiler exit gas temperature serves to increase 
slightly the efficiency of a unit when watercooling 
is added. Furthermore, because the external fur- 
nace-wall temperatures are also reduced, the loss 
due to radiation is thereby decreased. Due to the 
reduction in dry gas, moisture and radiation loss, 
the resulting gain in efficiency should be credited 
to the installation of the waterwall, and evaluated 
in terms of fuel dollars saved. This saving, com- 
bined with that, accruing from reduced outage and 
maintenance, will indicate whether wall cooling is 
an asset or a liability. 

From the foregoing discussion it will be realized 
that definite benefits may be derived from the ap- 
plication of properly designed waterwall to a 
stoker fired furnace. However, careful considera- 
tion must be given to the amount, location, and 
type of cooling surface, to be installed. In every 
case the use of the bare-tube wall or the cast-on 
block construction will give more real cooling 
effect, per sq. ft. of installed area, than any other 
type of construction. Therefore, less surface is re- 
quired to produce the same result, and the saving 
in first cost and lowered maintenance makes the 
installation more economically justifiable. 


a —— 


Beck Engineering Combustion Kompany, with of- 
fices at 4525 North Euclid Avenue, St. Louis, Mo., is 
a new company organized by Vernon S. Beck who 
for the past five years was chief engineer for the 
Sonner Gas Burner Company of Winfield, Kansas. 

The new company will offer an extensive line of 
burners including types similar to those already on 
the market as well as burners manufactured under 
new patents. Five general types will be offered in 
numerous sizes. All the burners will be made of 
a special Hi-temp-alloy. The company will also 
specialize in making burners to specifications of 
boiler and furnace companies. 

Mr. Beck holds degrees in mechanical and elec- 
trical engineering. Before he joined the Sonner 
organization he was engaged in the engineering 
construction business in Minneapolis. 


American Boiler Manufacturing Association will 
hold its annual convention at the Greenbrier Ho- 
tel, White Sulphur Springs, West Virginia, on May 
23 to 25. 


The Neckar Company, Inc., 67 Wall Street, New 
York, has received an order from The Sinclair Re- 
fining Company for the installation of the Neckar 
Process of Boiler Feed Water Treatment in its 
Coffeyville, Kansas, Refinery. The system can treat 
317,000 lb. of raw water per hour. 
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Electrical Methods 





Proposed for Preventing Scale 


and Corrosion 


By WM. L. DEBAUFRE 


Chairman, Department of Applied Mechanics, 
The University of Nebraska 


OUR electrical methods proposed for preventing 
scale and corrosion in steam boilers have been 
investigated during the past several years by the 
Technical Research Department of International 
Combustion Engineering Corporation. These four 
methods are known as the Nee-wat system, the 
Kirkaldy system, the Hauptvogel system and_ the 
Agfil system. In view of the present interest in 
the subject by a sub-committee of the National 
Electric Light Association, it was thought desirable 
to publish the results of the investigations although 
the data are now several years old. A bibliography 
of United States Patents on the subject has been 
brought up to date and a list of the more important 
patents is appended to this article. 

In investigating the four systems mentioned, it 
was attempted to find reasonable explanations for 
the results claimed. These reasons will be first 
submitted in a discussion of all the methods pro- 
posed in the various patents on the subject before 
describing the performances found for the four 
systems investigated. 


Discussion of Methods Proposed 


The earliest patent found to have any bearing on 
this subject is No. 22,271 issued to Lloyd in 1858; 
but the purpose was to prevent an explosion of the 
boiler rather than scale or corrosion, as indicated 
by the following statement in the Patent Office Re- 
port: “This invention consists in placing within a 
steam boiler a metallic conductor made to commu- 
hicate with the outside, for the purpose of main- 
taining an electrical equilibrium between the inside 
of the boiler and the outside thereof, and thus pre- 
venting the explosion of the boiler when the water 
becomes low and the plates unduly heated.” In 
view of our present knowledge of electrical phe- 
nomena, this statement appears ridiculous. The 
same thing might be said of a number of the other 
early patents. 

Thus, Patent No. 50,774 covers “‘metallic points of 
a conductor to collect whatever electricity there 
may be generated within the boiler, and conduct 
through the rod and its connections to the shell of 
the boiler, thus preventing the crystallization of the 
calcareous deposits generated in evaporating wa- 
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in Steam Boilers 


The author presents a valuable and com- 
prehensive discussion of a subject about 
which steam plant engineers in general have 
relatively little knowledge. The theories 
and principles involved in the numerous 
methods proposed for the electrical preven- 
tion of scale and corrosion are explained and 
the operation of some of the principal 
methods is described. Certain of these 
methods were investigated under the super- 
vision of Mr. DeBaufre, and the results of 


these investigations are given. 


ter.” Another early patent, No. 62,093, proposes 
the use of inverted lightning rods in the steam 
space of a boiler for the same purpose. Magnetic 
methods of preventing incrustation were proposed 
in a number of early patents, such as Hay’s patent 
No. 140,196. The more reasonable methods pro- 
posed for preventing scale and corrosion are based 
on electrolytic effects of the electric current. 

Corrosion of steel has long been recognized as 
due to electro-chemical activity. If at two differ- 
ent points connected by both metal and solution 
there are different degrees of strain in the metal, 
or different materials, or even different concentra- 
tions of oxygen or of substances dissolved in the 
solution, the entire arrangement constitutes a dis- 
charging electric battery, at the anode of which dis- 
solution of metal takes place. The strained part of 
the metal will be an anode because its dissolution 
will take place with decrease in energy content of 
the system. 

For many years, zinc slabs have been placed 
within steam boilers, particularly in marine serv- 
ice, for reducing pitting and corrosion. Zine is 
electro-positive to iron, so that an electric current 
flows from the zine through the water of the boiler 
to the steel shell and tubes and thence back to the 
zine, which should be in good metallic contact with 
the shell or tubes. The zinc anode is corroded 
away by electrolytic action in protecting the boiler 
shell and tubes which become the cathode of the 
zinc-iron battery. Various modifications in the use 
of zinc have been proposed in a number of patents. 
Some of these patents cover improved means for 
holding the zine slabs or bars, see patent No. 999,- 
408, but other patents are evidently based on 
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erroneous ideas of the action of the. zine in pre- 
venting corrosion. 

In place of using zinc, similar electrolytic action 
may be produced by suspending in the boiler water 
an electrode insulated from the shell and tubes and 
then imposing a potential difference from a direct 
current circuit between the electrode and the boiler 
shell and tubes so as to make the electrode an anode 
electropositive to: the shell and tubes as cathode. 
Such an arrangement should evidently reduce, if 
not eliminate corrosion, although it has been ques- 
tioned whether local electric currents cannot persist 
even when the whole boiler becomes a cathode. 


This arrangement was apparently first patented 
in the United States in 1869 by M.G. Farmer. The 
first claim in his Patent No. 88,285, reads: “Passing 
a current, or series of currents, of positive electrici- 
ty, from a conductor of the same electrical charac- 
ter as the boiler shell, and suspended in the water 
of the boiler, through the water, to the boiler-shell, 
by connecting the suspended conductor with the 
positive pole of a battery, or other source of elec- 
tricity exterior to the boiler, while the boiler shell 
is connected with the negative pole of said battery, 
the purpose being to prevent the corrosion and in- 
crustation of the boiler, as specified.” 

It will be noticed that the above claim not only 
states the purpose to be prevention of corrosion but 
also of incrustation. The same purposes are stated 
today for the Kirkaldy system investigated, which 
works upon the same general principle of passing 
a direct current from an insulated electrode through 
the water to the boiler shell and tubes. Not only is 
new scale claimed to be prevented, but it is said 
that old scale is loosened when the system is applied 
to a boiler. A satisfactory explanation for preven- 
tion of scale and incrustation is not so apparent as 
for prevention of pitting and corrosion. Any 
theory of scale prevention by this method must cor- 
respond with the theory of scale formation 
accepted. 


When generation of steam occurs in a boiler, the 
concentration of calcium and magnesium salts in- 
creases until supersaturation is reached. Super- 
saturation alone may account for the formation of 
scale on the heating surfaces, for the calcium sul- 
phate, magnesium carbonate, etc., may simply de- 
posit on surfaces adjacent to the places where 
supersaturation occurs in the boiling water. It is 
possible, however, that when supersaturation oc- 
curs, the salts of calcium and magnesium are pre- 
cipitated within the solution as a colloid which be- 
comes electrically charged for some reason, such as 
the setting free of energy by the formation of col- 
loids from the ions originally present in the solu- 
tion, “frictional electricity,’ etc. These colloids 
may then be plated on the metal surfaces by elec- 
tric currents due to electrolysis or other causes. 


If we accept the above “colloid theory of scale 
formation,” then we might explain scale prevention 
by the Kirkaldy and similar systems, as due to 
plating of scale forming materials on the anode 
suspended in the boiler water rather than on the 
boiler shell and tubes which become a cathode. 
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Instead of acting in this way, however, the applied 
electromotive force might neutralize the electrically. 
charged colloidal particles so that these particles 
coagulate and remain as a sludge in the water 
rather than deposit as scale on either the insulated 
electrode or the boiler shell and tubes. 

Whether or not we accept the “colloid theory of 
scale formation,” we might explain any prevention 
of scale formation or any loosening of scale already 
formed as due to the mechanical effects of libera- 
tion of gas or of adsorption of other substances on 
the metal surfaces through electrolytic action when 
an electric current flows from a suspended elec- 
trode through the water to the shell and tubes. 


L. O. Gunderson, Chief Chemist of the Chicago 
and Alton Railroad, considers that adding arsenic 
to water within a boiler is as necessary as impress- 
ing a direct electromotive force between an elec- 
trode suspended in the boiler water and the boiler 
shell and tubes. His process is covered in Patent 
No. 1,449,991 and is discussed in his article entitled 
“Corrosion An Electro-Chemical Phenomenon,” in 


the Railway Review for Sept. 4, 1926. His expla- 


nation is that the arsenic is first deposited on the 
boiler shell and tubes by electrolytic action and then 
hydrogen is deposited on the arsenic. Hydrogen 
upon arsenic has a much higher discharge poten- 
tial than upon iron; sufficiently higher to counter- 
act all local action which would occur if the arsenic 
were not present in spite of the boiler shell and 
tubes being a cathode. This system has not been 
investigated. ; 

Instead of passing a direct current from the 
suspended electrode through the water to the boiler 
shell and tubes, it has been proposed to utilize an 
alternating current which flows first in one direc- 
tion and then in the other to prevent corrosion and 
the deposition of scale. This was proposed by M. 
Kotyra in Patent No. 392,736, issued in 1888. Such 
use of an alternating current is also one feature of 
the Nee-wat system investigated. 


It is not easy to see how an alternating current 
between the electrode and the boiler shell would 
reduce corrosion because the alternating current 
would be superimposed on any direct current due 
to dissimilar metals, etc., which would remain as a 
net effect in one direction of the total current which 
flows first in one direction and then in the other 
direction. If, however, electrolytic corrosion is sub- 
ject to a hysteresis effect such that a direct electro- 
motive force has to operate a short time in order to 
start corrosion, then rapid alternation of the im- 


| pressed electromotive force might make the time of 


uni-directional action shorter than that required to 
start corrosion. 

If the deposition of scale is the result of electro- 
plating colloids from supersaturated boiler water, 
as surmised above, then for similar reasons the 
deposition of scale might be reduced by impressing 
an alternating electromotive force between the elec- 
trode and the boiler shell and tubes. This might, 
for instance, be the case if there are hysteresis 
effects such that a direct electromotive force has to 
act for a short time to start deposition of scale. 
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Then, the rapid alternation of the imposed electro- 
motive force might make the time of action in one 
direction shorter than that required to start deposi- 
tion of scale. Instead of acting in this way, it is 
also possible that the applied alternating current 
might neutralize the electrically charged colloidal 
particles so that these would coagulate and remain 
as sludge in the water rather than deposit as scale 
on the metal surfaces. 


Or, the application of a strong alternating elec- 
tromotive force between the electrode suspended in 
the boiler water and the boiler shell might affect 
the deposition of scale for mechanical rather than 
electrical reasons. Thus, the liberation of gas or 
the adsorption of other substances through electro- 
lytic action might physically prevent the scale from 
adhering to the metal surfaces. Such an explana- 
tion might also account for loosening of scale 
already formed when the alternating current is 
applied, as is claimed for this process. 


The passing of an electric current through the 
metal of a boiler from one point to another on the 
boiler shell rather than from an insulated electrode 
through the water to the shell, was proposed by 
A. T. Hay in his patent No. 59,768, issued in 1866. 
In another patent, No. 59,910, also issued in 1866, 
Hay proposed the same method to prevent incrusta- 
tion in evaporating pans. “Limiting the electric 
current so that it has a magnitude less than that 
sufficient to préduce a drop of potential across said 
object high enough to decompose the said liquid” 
was claimed by Thalhofer in patent No. 1,558,646. 
Elmore and Creighton in patent No. 1,576,581, 
claimed “maintaining potential gradient below that 
which will accelerate normal electrolytic corrosion 
while maintaining a cross-sectional density of cur- 
rent in the body whereby encrustation and scaling 
of the surface will be eliminated.” 


A direct current passing through the metal of a 
boiler shell and tubes will produce a drop in poten- 
tial from point to point in the metal. It would 
therefore appear that current would flow through 
the water of a boiler from a point of high potential 
to a point of low potential on the metal of the boiler 
shell and tubes. Dissolution of the metal would 
occur at the point where the current leaves the 
metal and enters the water. In order for an electric 
current to flow through the water, however, a cer- 
tain counter electromotive force must be overcome, 
the value of which depends upon the composition 
of the impurities in the boiler water, polarization, 
etc. While the flow of electric current might be 
kept sufficiently low to maintain the potential grad- 
ient of the impressed electric current below the 
value of this counter electromotive force, there 
might be local potential gradients due to strains, 
etc., which would be accentuated by the impressed 
potential gradient. Local pitting and corrosion at 
some points might therefore be increased by a di- 
rect current passing through the metal of the shell 
and tubes of a boiler. 


Instead of a steady direct current, a pulsating 
current was proposed by Thalhofer in patent No. 
1,558,647 and also by Creighton in patent No. 
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4,611,853. The same remarks apply to a pulsating 
current as to a steady current except that the effects 
in accelerating corrosion might not be so great with 
the pulsating current. 


The patents of Elmore and Creighton were as- 
signed to the Antiscale Corporation of Philadelphia 
and are undoubtedly the basis for their system, 
which was not investigated. Thalhofer’s patents 
are the basis of the Agfil system, which was inves- 
tigated. Passing a direct current through the metal 
of a boiler is also the basic feature of the Haupt- 
vogel system investigated. In the Nee-wat system 
investigated, an alternating current is passed 
through the metal as well as from an insulated elec- 
trode to the metal of the boiler shell and tubes. 


An alternating current flowing through the metal 
of the boiler shell and tubes might be more effective 
in reducing corrosion than a direct current if cor- 
rosion is subject to a hysteresis effect as surmised 
previously. Should, however, the local direct cur- 
rent flow at right angles to the impressed alternat- 
ing current, it is apparent that the direct current 
would not be affected, so that corrosion in this case 
would not be reduced. 


Any generation of gas or other mechanical effect 
of electrolysis produced by a steady or pulsating 
direct current or an alternating current flowing’ 
through the boiler shell and tubes, might reduce 
scale formation. Or, if scale formation be due to 
electroplating of colloids on the metal surfaces, 
this might be affected by variation in the electrical 
charges in the metal or the boiler water due to cur- 
rents flowing therein. 


There may be other factors than those discussed 
above, to account for corrosion and scale formation 
in steam boilers as an electrical phenomenon which 
would be affected by the application of a direct or 
an alternating current through the metal or the 
water. In any such application, however the com- 
plicated arrangement of tubes, drums, etc., in a 
modern steam boiler would make it practically im- 
possible to obtain a uniform effect of the impressed 
electrical current throughout the whole structure. 


Instead of attempting to prevent scale formation 
in steam boilers by the direct application of an elec- 
tric current to the boiler shell or to the water con- 
tained in the boiler, it has been proposed by a num- 
ber of inventors to purify the feedwater electrically “” 
before it enters the boiler. Patent No. 1,080,826 
is of particular interest as covering the treating of 
feedwater both electrically and chemically in a 
feedwater heater. This patent was assigned to the 
Harrison Safety Boiler Works, which has since 
become the Cochrane Corporation. It is significant 
that this company is a prominent manufacturer of 
feedwater heaters but does not offer electrical treat- “ 
ment of the feedwater in connection therewith. 
Electrical treatment of the feedwater before enter- 
ing the boiler is one of the features of the Nee-wat 
system investigated. 


The “colloid theory of scale formation” would 
not, of course, account for any deposition of scale 
forming materials by electrolysis in a feedwater 
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heater where supersaturation is not reached. 
Neither will the calcium, magnesium, etc., be plated 
out as metals because the voltages required are 
much higher than for the liberation of hydrogen, 
which will occur at the cathode while oxygen is set 
free at the anode. It is possible, however, that the 
alkalinity resulting from removal of hydrogen ions 
at the cathode might precipitate iron, magnesium 
and aluminum as hydroxides. Such alkalinity 
might also convert bicarbonate ions into carbonate 
ions, with the result that the latter would precipi- 
tate as calcium carbonate on account of the lower 
solubility of the normal carbonate. Such alkalin- 
ity might also cause the precipitation of magne- 
sium or calcium silicate. Silicic acid might be 
precipitated at the anodes on account of acidity 
caused there by removal of hydroxide ions. The 
relatively slow speed of purely chemical reactions 
between precipitates and solution, might then pre- 
vent redissolution of these precipitates by chemical 
action as the water flows past the electrodes. A 
high temperature would aid in dehydration of the 
precipitates. 

Even if sludge were thus formed indirectly by 
passing an electric current through the feedwater, 
this method would not be generally applicable to 
all types of boiler feedwater. For instance, if the 
water contained calcium sulphate only, enough of 
, this salt would remain in solution in the water to 
form scale within the boiler because the solubility 
of calcium hydroxide is sufficiently great to prevent 
much of it precipitating from alkalinity at the 
cathode. Also, if the feedwater contained a large 
amount of sodium salts, including the carbonate, 
these would not be removed. The boiler water 
would then perhaps be alkaline enough to cause 
embrittlement of the boiler steel. If it were highly 
conducting, this would aid in corrosion where 
strains or oxygen are present. 

Patents 1,003,604 and 1,055,327 apply to the elec- 
trolytic protection of underground structures and 
patents 1,020,480 and 1,699,974 and 1,816,487 apply 
to steam condensers rather than steam boilers. 
These patents are included in the list, however, for 
their general interest. Patent No. 1,308,040 is also 
included for the same reason, one claim being: 
“The method of increasing the energy developed in 
liquid heating devices that comprises establishing a 
difference of electric potential between the said 
liquid and its container while the latter is being 
heated.” This appears a very broad claim in view 
of the many patents which have been issued on 
electrolytic methods of purifying water and of pre- 
venting scale and corrosion in steam boilers. Only 
about one-third the total number of patents found 
to have some bearing on the subject have been in- 
cluded in the list appended to the article. Most of 
the unexpired patents cover details of constructing 
and supporting the electrodes within the boiler, of 
insulating the electrodes from the boiler shell, of 
arranging the electrical circuits to obtain a low 
potential difference, of connecting the metal of the 
boiler in the electrical circuit, etc., the more funda- 
mental principles having been longer known. Some 
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claims in the latest patents are apparently too 
broad. 

A systematic investigation was not attempted of 
all the electrical systems proposed in the patents 
listed for preventing scale and corrosion in steam 
boilers, but the investigation was limited to the four 
systems brought to the attention of the Company. 
These four systems will now be discussed. 


Nee-wat System 


The inventor of this system is G. S. Neeley, one- 
half of the interest in the patents being assigned to 
G. Watkins. The Nee-wat system was investigated 
in 1927. At that time Mr. Neeley was interested in 
two systems which he designated as the “internal 
system” and the “external system.” 

In the “internal system,” direct current was first 
contemplated, as indicated in patents No. 1,579,453 
and No. 1,579,454. Later a pulsating and then an 
alternating current was considered preferable, as 
proposed in patents No. 1,773,274 and No. 1,773,275. 
One terminal of a 110-volt alternating current gen- 
erator was connected to a distributor set on insula- 
tors at the bottom of the steam drum of a water- 
tube boiler while the other terminal was connected 
to the blow-off pipe. By means of a transformer, a 
second alternating current 180 degrees out of phase 
with the first one, was made to flow through the 
metal of the entire boiler under a potential drop of 
two or three volts by connecting the terminals of 
the transformer to the top of the steam drum and 
the blow-off pipe respectively. A diagram of this 
system is shown in Fig. 4. 

Neeley claimed that the use of his “internal sys- 
tem” prevented the formation of scale and loosened 
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Fig. 1—Diagram showing arrangement of Nee-wat system. 





that already in a boiler, but a non-settling sludge 
was formed which remained in the steam drum in- 
stead of collecting in the mud drum where it could 
be removed by blowing down. His next thought 
was “if thermo-electric currents plate out these 
salts, why not plate them out by a direct current 
before entering the boiler?” This led to the “ex- 
ternal system.” 

Neeley’s “external system” as inspected at the 
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plant of the International Shoe Company’s tannery 
at Hartford, Illinois, was installed in the shell of a 
feedwater heater, about 30 in. in dia. and 6 ft. high, 
from which the steam heating coils had been re- 
moved. Mounted within this shell were electrodes, 
consisting of two horizontal “duriron” plates serv- 
ing as anodes and several wire screens as cathodes 
between the plates. The lower anode was set on in- 
sulation about two feet above the bottom of the 
shell. It was about 24 in. dia., one-half inch thick 
and was perforated with one-half inch holes. A 
wooden cross on this anode plate supported several 
fen-mesh wire screens spaced about an inch apart 
to serve as the cathode. Electrical connections to 
anode and cathode were made by means of insulat- 
ed wires passing through the shell. The feedwater 
entered the shell near the bottom through a hori- 
zontal pipe from the hot well and was heated up to 
the boiling point by the addition of live steam. The 
outlet was at the side of the shell near the top. At 
the top of the shell was a valve for removing non- 
condensable gases. 

Samples of the raw water, of the treated water 
and of sludge from the electrodes, were analyzed 
by the Pittsburgh Testing Laboratory and also by 
the Hall Laboratories with the results given in 
Table I. The first set of values were obtained by 


TABLE I.—ANALYSES FOR NEE-WAT SYSTEM INSPECTED. 
MADE BY PITTSBURGH TESTING LABORATORIES. 


Raw water, Treated water, 


Constituent Compounds parts per 100,000 parts per 100,000 





rr 8.00 3.28 
Magnesium carbonate ...... 3.27 1.69 
Ce A res avada see npenewnwe 0.48 0.68 
Magnesium sulphate ........--ccccee 0.30 0.48 
I aii atasc rece eek enna None None 
Magnesium Chloride .......0..sccccese None None 
Te ee 3.85 0.62 
A 65 dock geen eamcnee cake None None 
I MINER 56 orb auc Vreteukeede wh Trace Trace 
eee Sot whcwed dcas «as uke KAS 2.04 1.92 
Iron oxide and alumina .............. 0.92 0.68 
DE CEE be ald accnenee es ccauen 1.60 None 
Sludge 
DR ccscatencehakaaneees 4.44 per cent 
BN ERP re 0.91 per cent 
pe a ee a ae 36.47 per cent 
EES scidasecdcweunaewads 13.23 per cent 
Ce GEE ci ccescecess 44.92 per cent 
MADE BY THE HALL LABORATORIES. 
Raw water Treated water 
tf on ~~ & i a) 
Parts Equivalents Parts Equivalents 
Constituent Ions per per per er 
million million million million 
Hydroxide ......... (OH) 0 0 0 0 
eae COs) 8.0 0.27 0 0 
Bicarbonate ........ (HCOs 98. 1.61 74. 1.21 
| Rarer (SO,) 32. 0.67 10. 0.21 
eee Cl) 4.0 0.11 3.5 0.10 
Phosphate ......... (PQ,) 0 0 0 0 
ME Gedives ocak hoe (SiOz) 19. 0.63 6.0 0.20 
BPE -GheCKs Coctvene Fe) 1.2 0.63 0.8 0.03 
CE ccccesesssss (CG 25. 1.25 17. 0.85 
Magnesium ........ Mg) 16. 1,31 4.9 0.40 
Sodium (calculated).. (Na) 16. 0.69 10. 0.44 
Suspended material.. 1.6 0.6 
Sludge 
Sulphur trioxide ...... (SOs) 1.2 per cent 
Carbon dioxide ...... (COx2) 20.9 per cent 
SE aan ve oo he erin (SiOz) 12.6 per cent 
Ferric oxide ......... (Fe:O3) 3.2 per cent a 
Calcium oxide ....... CaO) 25.9 per cent 
Magnesium oxide ..... (MgO) 13.5 per cent 
Bales GE 105 Cicesccce 1.4 per cent 
Net ignition loss...... 21.5 per cent 


the standard procedure for calculating the results of 
water analysis in which the various negative ions 
are distributed among the positive ions in an arbi- 


COMBUSTION—May 1932 





trary manner and no distinction is made between 
carbonate and bicarbonate. In the second set of 
values, the proportions” of the separate ions are 
given including the carbonate and bicarbonate ions. 
By special request, the Pittsburgh Testing Labora- 
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Fig. 2—Diagram of Nee-wat experimental treater. 


tories reported that all the CO, present was as bi- 
carbonate in both the raw and treated water. This 
may, of course, have been due to the samples taking 
up CO, from the air. They also reported no sul- 
phate in the sludge. This additional information 
makes the two sets of data in fair agreement. 

By reference to Table I, it is seen that the treated 
water contains less scale-forming substances, such 
as compounds of calcium, magnesium and silicon, 
than the raw water. The sludge formed in the 
treater is probably a mixture of calcium carbonate, 
magnesium oxide or silicate, silica and iron oxide. 

It was Neeley’s idea that his “internal system” 
might possibly be used with his “external system” 
and that a filter would be employed to remove 
sludge from the feedwater after the external treat- 
ment. 

In order to check experimentally the possibility 
of purifying boiler feedwater by Neeley’s “external 
system,” a treater approximately 1/500 the size of 
the apparatus inspected at Hartford, Illinois, was 
built and tested with two kinds of water, namely, a 
carbonate water similar to that at Hartford, Illinois, 
and a sulphate water similar to that available for 
boiler feedwater at Pittsburgh, Pa. 

Referring to Fig. 2, the electrodes of the experi- 
mental treater were enclosed in a glass cylinder G. 
The two duriron plates A were welded to the duriron 
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rod B which passed through a stuffing box in the 
top header. The two copper plates D were located 
between the duriron plates and were soldered to the 
brass rod E passing through the bottom header. 
The rods were insulated by sleeves F from the 
water and the plates of opposite polarity. The rods 
were also insulated where they passed through the 
upper and lower headers C. Both the copper and 
duriron plates were 114 in. dia. and were perforated 
with five %4-in. holes. The distance from the face 
of the duriron plate to the face of the copper plate 
was one inch. The water to be purified entered at 
the bottom of the treater, passed through and 
around the plates and then out at the top of the 
treater. Another opening at the top permitted any 
gases to escape to an external chamber. The elec- 
trodes were connected in an electrical circuit as 
shown in Fig. 2. 

The experimental treater was connected as shown 
in Fig. 3 in the feed line to a small experimental 
boiler heated electrically. The treater E was in 
series with a feed tank B mounted on scales C, a 
plunger pump A and a feedwater heater D, all 





Fig. 3—-Nee-wat experimental treater connected to small boiler. 


located ahead of the treater. A sand filter F was 
located between the treater E and the boiler G. The 
temperature of the feedwater was measured at T; 
and T. before and after the treater as well as in the 
feed tank. Samples of the feedwater were taken 
for analysis from the feed tank B, after the feed- 
water heater D, after the treater E and after the 
filter F. 

A series of runs was first made employing a syn- 
thetic sulphate water similar to that in the Pitts- 
burgh district. The runs were made with direct 
current voltages from 25 to 135 volts and with the 
feedwater going through the treater at the rate of 
about 13.3 lb. per hr. per sq. in. of treater cross- 
section. This was approximately the same as the 
rate of flow through Neeley’s treater at Hartford, 
Ill. The principal data are given in Table II. Each 
run was two to three hours in duration. The steam 
pressure was about 90 lb. gage and the temperature 
of the feedwater before the heater about 60 fahr. 

While the system was in operation, small par- 
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ticles which looked like a precipitate could be seen 
through the glass cylinder. They were suspended 
in the water and were carried up the cylinder with 
the water current. Some of the particles lodged 
on the treater plates, but most of them passed on 
with the water. After several hours’ operation, the 
treater plates were very dirty, but this had no effect 
upon the amount of current at the constant voltage. 


After the first run at about 25 volts and the four 
succeeding runs at about 50 volts, the treater was 
taken apart and cleaned. The deposits were re- 
moved from the plates and it was found that the 
duriron electrode was being rapidly eaten away. 
Deposits were also collected from the filter and 
from the settling chamber between the feedwater 
heater and the treater. Analysis of the deposits are 
given in Table III. The large portion of sand 
(SiO.) on the electrode probably came from sedi- 
ment in the feed tank. The iron oxide (Fe.03) 
came from rust in the tank and disintegration of 
the duriron electrode. As no SO; was present, the 
CaO and MgO came from the precipitation of cal- 
cium and magnesium bi-carbonates. Apparently 
the sand filter and also the sediment chamber in the 
pipe line after the feedwater heater were ineffective 
in collecting appreciable amounts of precipitate. 

Referring to the data in Table II for the first six 
runs with the sulphate water and for voltages from 
25 to 100 volts, a comparison of the chemical 
analyses of the water before and after the treater 
shows the treater to have been ineffective. The 
inconsistent variations in the chemical analyses are 
undoubtedly due to inaccuracies. The rate of flow 
through the heater was so small that it was imprac- 
tical to take a sample sufficiently large for a check 
analysis. In spite of these inconsistencies, how- 
ever, there can be no doubt of the above conclusions 
after studying the analyses for the first six runs. 


During the 135-volt run with sulphate water, 
lights appeared between the plates in the treater due 
to ignition of the hydrogen liberated at the cathode. 
There was a decrease of about 25 per cent in the 
impurities after passing through the treater. This 
decrease was obtained, however, with an electrical 
energy consumption of about 120 kw-hr. per 1000 
gal. of water treated. At two cents per kilowatt 
hour, the cost of this electrical energy would be 
$2.40 per 1000 gal. treated as compared with 0.4 
cent per 1000 gal. for 0.45 lb. of lime to give the 
same result. This cost, of course, is excessive for 
25 per cent purification, and in addition the duriron 
plates would be eaten away very rapidly with such 
a high electric current. A greater purification 
might have been obtained by decreasing the rate 
of flow of water through the treater, but this would 
have still further increased the energy consumption 
per 1000 gal. treated. Decreased rates of flow were 
tried during the succeeding series of runs in which 
a carbonate water was used. 

Runs 8 to 19 were made with a synthetic car- 
bonate water of similar composition to that used 
by Neeley at Hartford, Illinois. In runs 8 to 412 
inclusive, the alkalinity was reduced from 207 to 
about 85 parts per million, but this reduction took 
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place entirely in the feedwater heater, the water 
analyses before and after the treater being prac- 
tically the same. In Neeley’s apparatus at Hart- 
ford, Illinois, the heating and treating took place 
in the same piece of apparatus so that the separate 
effects were not so apparent as in the experimental 
apparatus. 





electrode immersed in the boiler water and the neg- 
ative terminal is connected to the boiler shell. The 
electrode is in the form of iron bars and is distrib- 
uted throughout the boiler in order to bring all of 
the heating surface within the range of electrolytic 
action. The minimum distance between the elec- 
trode and the boiler tubes or plates is four inches, 


TABLE II.—PRINCIPAL DATA FOR EXPERIMENTAL NEE-WAT SYSTEM 





ESCO WOME ei iiic nt savdnions Sulphate Carbonate 

aa - A ics ~ 
SI. SN Sv cetixeviedarwenss 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 " 17 18 19 
Water treated per hr., Ib....... 18.4 17.6 17.6 18.6 17.7 18.0 17.5 18.2 18.2 19.2 18.0 18.1 18.0 16.5 9.0 9.3 9.3 4.8 5.4 
af., WOME vecccccscccccccess Gat Ge SEG Sl 49.7 SES 1558 25.8 49.3 74.9 99.9 49.4 50.0 140.6 139.5 101.6 49.1 49.3 99.5 
Current, eT eer 0.287 0.358 0.381 0.390 0.384 0.932 1.880 . 106 0.223 0.392 0.608 0.304 0.087 0.253 0.276 0.396 0.206 0.182 0.400 
Energy per lb, water, watt-hr.. 0.401 1.014 1.095 1.050 1.078 5.097 - 37 0.150 0.604 1.530 3.374 0.830 0.241 2.153 4.281 4.326 2.194 1.870 7.38 - 
Temperature entering, fahr......326 325 326 326 326 324. 323 324 321 31 22 55 52 55 305 310 241 297 
Temperature leaving, fahr.. 248 218 233 237 238 242 «271 235 236 233 237 234 57 59 69 183 178 128 161 


Alkalinity as HCOs, p.p.m. 
i PE cc kcudecrbannes 24 24 24 24 24 24 24 
PPro ee 36 30 30 24 24 30 24 
PIE Showaevecetnuses 24 24 36 30 30 30 18 


Calcium, p.p.m. 
Re re 35 35 35 35 35 35 35 
ee 34 33 34 32 32 38 38 
BY WEN. bo doccccactpece 44 37 38 32 32 29 27 


Magnesium, p.p.m. 


SSS rere rp 7.3 7.3 Fun 7.3 Pe E 

De GOD ovesccocsuswcs 8.3. 10.3 66 8.2 7.1 6.3 10.1 

BN PP Tee yf 6.2 6.9 8.4 6.0 10.5 7.4 
Sulphate, p.p.m. 

DO MEE ov tik cadsiecues 105 105 105 105 105 105 105 

pO See ere 120 Se J0n sae vee Foe eee 

Pe CRUE, Wicina wacwddlucevs fe i es |)” Se ee: me 


In runs 13, 14 and 15, the heater was not in oper- 
ation; and in run 145, the rate of water flow was 
reduced one-half from that used by Neeley. In all 
three of these runs, no purification took place. 


With this reduced rate of flow and hot feedwater, 
a small amount of purification was accomplished 
in the treater, as indicated in runs 16 and 17 with 
100 and 50 volts respectively. In both of these 
runs, the treater reduced the alkalinity 12 parts per 
million while the feedwater heater reduced it 125 
parts per million. The rate of flow was then re- 
duced one-half again and runs 18 and 19 made at 
50 and 100 volts respectively. In the 50-volt run, 
no reduction in alkalinity was found in the treater; 
but in the 100-volt run, the reduction in the treater 
was 30 parts per million with an energy consump- 
tion of 62 kw-hr. per 1000 gal. This reduction of 
about 30 per cent in impurities would cost $1.24 per 
1000 gallons with electrical energy at two cents 
per kilowatt-hour as compared with 0.3 cent per 
1000 gal. for 0.11 lb. of lime to produce the same 
effect. 


The results of this test indicate that only a partial 
purification of feedwater can be obtained by pass- 
ing a direct current through it, and that the elec- 
trical energy consumption will be excessive for the 
effect produced. When a direct current is passed 
through water, hydrogen gas is liberated at the 
cathode and oxygen gas at the anode. Even though 
a chamber be provided to collect these gases, a por- 
tion will remain in the feedwater and enter the 
boiler. This, of course, is an undesirable feature 
of such a process. 

No experiments were attempted upon Neeley’s 
“internal system.” 


Kirkaldy System 


In the Kirkaldy system for preventing scale and 
corrosion in steam boilers, the positive terminal of 
a direct current circuit is connected to an insulated 
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97 85 85 98 207 201 204 73 85 85 79 
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19 18 21 18 15 50 51 en 13 18 ee 14 
17 17 16 11 14 50 50 ee 12 12 ae 9 
18 18 18 18 18 18 18 18 18 18 18 18 
13 15 14 14 13 16 16 ee 12 14 eo ‘12 
13 12 13 9 11 16 18 ee 9 12 e« 8 


while the maximum distance depends upon the 
design of the boiler. A fire-tube boiler is more 
readily adapted to a correct distribution of the posi- 
tive electrode than a water-tube boiler. A current 
equal to one ampere for each 25 boiler hp. is passed 
through the circuit. 

The Kirkaldy system, as covered in the various 
patents listed as granted to A. Kirkaldy, is an out- 
growth of the Cumberland system as covered in the 
patents granted to P. E. G. Cumberland. The fol- 
lowing three British patents to Cumberland may 
also be referred to, namely, 8,068, May 13, 1909; 
19,637, June 27, 1911; 4,251, Jume 13, 1912. Mr. 
Alexander Kirkaldy became familiar with the Cum- 
berland system while chief engineer of one of the 
trans-Atlantic lines, and his patents cover improved 
insulated supports for the electrodes in order to 
render his system more effective and reliable than 
the Cumberland system. 


In October, 1927, an inspection was made of an 
installation of this system in four 250 hp. Scotch 
marine boilers at the plant of Thomas Oakes and 
Company, Bloomfield, N. J. The Kirkaldy system 
had been installed in May and June of that year, at 
which time there was from three-sixteenths to one- 
fourth inch of scale on the tubes. At the time of 
the inspection, the system appeared to be prevent- 
ing new scale and loosening scale previously de- 
posited. Thus, in one of the boilers examined, the 
scale was found to be breaking off in pieces up to 
six or eight inches long and also seemed to be dis- 
integrating. The tubes near the electrodes were 
fairly clean, while those further away still con- 
tained three-sixteenths to one-fourth inch of scale. 
In a recent letter from this company, however, it 
has been learned that the system was discontinued 
after nine months of almost continual repairs and 
replacements, because the system failed to success- 
fully combat the scale trouble. 

Two other installations of the Kirkaldy system 
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were investigated by letter, namely, at the Delaware 
station of the Philadelphia Electric Company on 
feedwater heaters and at the Long Beach plant of 
the Southern California Edison Company on steam 
condensers. The Kirkaldy system was said to have 
materially reduced the pitting and corrosion of the 
feedwater heaters but considerable trouble was ex- 
perienced with cracking of the insulators. No dif- 
ficulty had been experienced with pitting on the 
condensers. The Kirkaldy system was said to have 
installed for two and one-half years, but it was im- 
possible to determine how much of this could be 
credited to the Kirkaldy system. 


Hauptvogel’s System 


In the Hauptvogel system of scale and corrosion 
prevention, a small direct current is passed through 
the metal of the boiler. The method employed of 
arranging electrical circuits to obtain the low volt- 
age required, is covered in U. S. Patent No. 4,726,- 
738. The average working conditions are 0.1 to 0.5 
volts and 0.5 to 1.5 amperes. As no installations 
had been made in this country in 1927, the only in- 
formation available was that in British Patent No. 
233,657, issued July 9, 1925, to Fredrick Hauptvogel. 
and an article in Wochenschrift Fuer Brauerei, 
Nov. 7, 1925, by Dipl. Eng. Gesell., Chief of Re- 
search Department, Fermentations Trades Institu- 
tion, Berlin. 

The conclusions reached in the above mentioned 
article are: 

“From the above test under actual working con- 
ditions the Process may be valued as follows: that 
it does not absolutely prevent the formation of scale 
and incrustation but that it considerably decreases 
the deposit of hard scale and makes the remainder 
of such a loose nature that it breaks off easily and 
without fear of harmful secondary actions. Al- 
though the total costs for the various cleaning 
processes are not entirely eliminated, a saving has 
been made and the period for working the boiler 
has been increased from 3 months to 4-5 months.” 
The tests referred to in this quotation were only 
general statements as to the conditions of several 
boilers after certain periods of operation. No wa- 
ter and scale analyses nor quantities of water fed to 
the boilers, etc., were given. 


Agfil System 


In its original form, the Agfil system consisted 
of a thermocouple clamped to the steam header 
with the negative lead connected to the blow-off 
nozzle and the positive lead attached to several re- 
mote points of the boiler as described in U. S. 
Patent No. 1,558,646. Thus, a very small direct 
current was passed through the metal of the boiler. 
Through an accidental loose connection which 
swung back and forth against the boiler, it was 
said that a pulsating current was found much more 
effective than a steady current. Consequently, a 
second patent was obtained, U.S. Patent No. 1,558,- 
647, covering the application of a pulsating current 
and the design of a vibrator to produce the pulsa- 
tions automatically. The vibrator proved unrelia- 
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ble and was replaced by a motor-driven interrupter 
with metal contacts producing about 7000 pulsa- 
tions per minute. A sufficient number of thermo- 
couples are placed in parallel to give an electric 
current of about 50 milliamperes per 100 boiler hp. 
In the latest installations in 1928, a small condenser 
was connected as a shunt around the interrupter 
and it was claimed that oscillations of radio fre- 
quency were set up, which assisted materially in 
preventing scale. 

The condenser in parallel with the interrupter 
modifies the form of the current wave but does not 
increase the frequency of 7000 pulsations per min. 
as determined by the speed of the motor-driven in- 
terrupter. As radio frequencies vary from 10,000 
to 5,000,000 cycles per sec., it is seen that such fre- 
quencies are not quite reached. 

It was claimed that the Agfil system had been 
very successful in Europe, particularly on the Dan- 
ube River steamboats. In the United States it had 
met with varying degrees of success. It was said 
that in some plants the Agfil system had entirely 


TABLE III.—ANALYSES OF DEPOSITS FROM EXPERIMENTAL 
NEE-WAT SYSTEM 


AFTER OPERATING WITH SULPHATE WATER 
Samples Taken after Run No. 5 


Positive Negative Feedwater 
Electrode Electrode Filter Heater 
Se Oe er 36.5 18.0 65.1 5.0 
Fe2Os3 and AleOs, per cent.... 28.4 16.4 11.2 65.0 
ee We OBR oak ostna cece 9.4 12.0 0.0 0.0 
ee 0.0 12.1 0.0 0.0 
NS ere ee 0.0 Trace 0.0 0.0 
Loss on ignition, per cent.... eee ok 18.8 eon 
H20 and _ unaccounted 
fe ery 25.7 41.5 4.9 30.0 


AFTER OPERATING WITH CARBONATE WATER 
Samples Taken after Run No. 12 
Positive Negative 


Electrode Electrode Filter 
SiOz, FeeOs and AlkOs, Per CON... cescoe 61.0 38.9 95.2 
ee I 55. 5s ars diwin ds RORW OW 60 a sears 8.0 17.5 Trace 
Be oN MME sy sacs ates ar iaus hese aes 4.2 6.6 Trace 
CO2z, H2O and unaccounted for, per cent.. 26.8 37.0 4.8 


eliminated scale but that in other plants it had been 
ineffective or had reduced but not eliminated the 
scale. 

An installation of the Agfil system was inspected 
in 1928 at the plant of the L. A. Dreyfus Company, 
Staten Island, New York. This plant contained 
four 160 hp. return tubular boilers and one 250 hp. 
Springfield water-tube boiler, all equipped with the 
Agfil system. Three Agfil units were installed, one 
unit for the Springfield boiler and one unit for each 
pair of return tubular boilers. The negative lead 
of the thermopile for the return tubular boilers was 
connected through the interrupter to the blow-off 
nozzles of two boilers. The positive lead had four 
branches, two being connected to the front head of 
each of the pair of boilers. The negative lead of 
the thermopile for the Springfield boiler was con- 
nected to the blow-off pipe and the positive lead 
was connected to each of the front headers. To 
test the operation of the system, a milliammeter 
was mounted on the panel board which supported 
the interrupter. The milliammeter could be con- 
nected into the various circuits by means of small 
knife switches also mounted on the panel board. 
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The operating engineer was very much pleased 
with the Agfil system. During the four years it 
had been in operation, no trouble had been experi- 
enced from scale, while before that time they had 
had very hard scale. Before installing the Agfil 
system, several boiler compounds had been tried 
without success. Scale would build up to about 4 
inch in a year’s time and would have to be knocked 
off. After installing the Agfil system, the scale 
gradually broke off in large slabs and has never re- 
appeared. The impurities in the water settled out 
as a sludge instead of sticking to the heating sur- 
face and could be eliminated through the blow-off. 
For this purpose, the boilers were blown down 
about 2 inches twice daily. The boilers were 
washed out about three times per year but no fur- 
ther cleaning was required. 


One of the return tubular boilers was open and 
the heating surface was inspected. At no point 
was the scale thicker than 1/32 inch while in many 
places the tubes were practically clean. There was 
a slight amount of pitting, but the operating engi- 
neer claimed that this was due to oil and had been 
experienced before the installation of the Agfil sys- 
tem as well as after its installation. The feedwater 
was about 50 per cent distilled water from process 
heating coils and 50 per cent make-up from the 
New York City water system. New York City wa- 
ter is very soft, but will produce scale if its use is 
continued for a sufficient length of time. 


In a recent letter from the L. A. Dreyfus Com- 
pany, it is stated “that the Springfield boiler has 
been in continuous service for about 5% years at 
140 per cent to 150 per cent of rating. The four 160 
hp. boilers have only been in intermittent service 
during this time. The Agfil system was installed on 
the Springfield boiler when new and there are no 
signs of pitting in either the tubes or drums. Twice 
a year the tubes are cleaned with a water turbine 
under 50 pounds pressure. A turbine hammer has 
never been used on the boiler. Also twice a year 
the steam drum is wiped out with a cloth. This is 
all that is necessary to remove the slight deposit of 
scale every six months. Twelve to fifteen pounds 
a week of a common alkali are injected with the 
feedwater to emulsify the oil coming back with 
the returns. We consider that the Agfil system 
when given ordinary care is exceptionally efficient 
in keeping down boiler scale.” 


The plant of the Bellman Brook Bleachery was 
also visited to inspect an Agfil system installed on 
two 500 hp. Springfield water-tube boilers. The 
operating engineer stated that considerable trouble 
had been experienced from scale before the system 
was installed, but that since its installation no scale 
had formed. Both boilers were in operation at the 
time of the visit and had been on the line for over 
a year without cleaning. The last time the boilers 
had been opened there was no scale. The plant 
required about 50 per cent make-up. Before the 
Agfil system was installed, the make-up was ob- 
tained from a nearby stream; but some time later, 
a water softening system was installed and the 
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make-up then consisted of softened water contain- 
ing only 1.2 grain per gallon of hardness. 


In a recent letter from the Bellman Brook Bleach- 
ery Company, it was stated that suddenly, after a 
period of about three years, scale formations started 
to gather and on the next semi-annual internal in- 
spection, a number of tubes were found closed up 
solid. An analysis of the water supply disclosed 
that a considerable quantity of chemicals was being 
added to the water supply from some outside 
source. After subsequent tests, the Agfil system 
was concluded to be inadequate and was discontin- 
ued, chemical treatment being resorted to. 


Conclusions 


It is believed that there may be some merit in 
electrical methods of preventing scale and corro- 
sion in steam boilers, but that such methods may 
not prevent scale and corrosion in all cases. In 
some cases, local corrosion and pitting might be 
accentuated. In any such application, the compli- 
cated arrangement of tubes, drums, etc., in a mod- 
ern steam boiler, makes it practically impossible to 
obtain a uniform effect of the impressed electrical 
current throughout the whole structure. Consider- 
able experimental research will probably be re- 
quired to determine definitely the best electrical 
system to employ and the conditions under which 
scale and corrosion can be prevented; also, whether 
electrical methods have any advantages over chem- 
ical methods or whether both methods should be 
used together. 


PARTIAL LIST OF UNITED STATES PATENTS PERTAINING 
TO ELECTRICAL METHODS PROPOSED FOR PREVENT- 
ING SCALE AND CORROSION IN STEAM BOILERS AND 
FOR PURIFYING WATER. 


Patent No. Date of Issue Patentee 
SEAS ccccveducaes ae ae ee R. L. Lloyd 
See eeececcevedc Gs, SR, Weeeeescss A. F. Porter 
SE ca cedsuxenes Nov. 20, 1866........ A. T. Hay 
ee INGU FG, BeGGeecccess A. T. Hay 
GEGGe eccccecesces Wem 32, Beer acecescx P. H. Vander Weyde 
WEY Scud cctduces as 2 Sere M. G. Farmer 
| eer ee eee A. T. Hay 
SE cacctaveenae IOUG Fay BG ecccess M. Kotyra 
GEGEN Kh ecccccoces p a ee J. Gottlob 
SEE? scuagucadnws | oS... ae P. E. G. Cumberland 
GU (eegecceccdes Fem Gy Reeve cesese Pr. & G. Cumberland 
. 4 err Oo Oe A. S. Hickey 
SED cddcceetanes wee, 3G, Teac iccces A. B. Herrick 
Si wdeadseesses Mar. 39, 19hd.cccsccs P. E. G. Cumberland 
errr pM) ; Sa C. Hering 
OC ere Dee: 9, Bib ccccses G. H. Gibson 
Pr i ie =e. Ree L. W. Chubb 
BME acactadesess pe ee: eee L. O, Gunderson 
BE ed ccccuckeaac BW. FE BGoeccccccce A. Kirkaldy 
MOS Perr ee SS eee A. Kirkaldy 
RE ac cdocsecexes jo Sh. | Sa A. Kirkald 
pM roe oo” a) a. - ae W. Thalhoter 
i! Cet, Bie Reeecesevces W. Thalhofer 
FEE a < wateesoves Jan G5, ee wecese C. E. Bonine 
WE. ¢08 deguun we Jan Se Sa G. C. Freeman 
WERE (ewe tarcweegs Maw. 16, 1926. ...ccce G. H. Elmore and 
H. g: Creighton 
cc vac nseane a | Ae G. S. Neeley 
pe eer re Age: 6 Wise casies G. S. Neeley 
Dae - 6. kuccccencga Apr. 13, 1926...,.... K. Schnetzer 
De -6écncdeadées os) =. eee H. i Creighton 
ED eAveceenaane es | A. Kirkaldy 
TEE Sore acca OG Daly See eweausas A. Kirkaldy 
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All engineers should have some knowledge 
of the nature of patents and the more impor- 
tant aspects of patent law. In this article, 
which is virtually the complete text of a 
paper presented before the Metropolitan Sec- 
tion, Student Branch, of the A. S. M. E., New 
York, March 9, 1932, the author first reviews 
the early history of patent law, in order to 
show the origin and evolution of the prin- 
ciples involved. He next describes present- 
day patent office procedure and then dis- 
cusses the subject of patents broadly with 
respect to employer and employee, joint own- 
ership and litigation. The concluding part of 
the article discusses the importance of 
patents in industry . . . Anyone desiring more 
detailed information, especially with respect 
to procedure, can obtain it by writing to the 
U. S. Department of Commerce, Patent 
Office, Washington, D. C., for a copy of 
“Rules of Practice in the U. S. Patent 
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English History 


ATENTS are really personal property and the 
laws governing patents are.a_ specialized 
branch of personal property law. 

We will go back to the history of the patent sys- 
tem to get a comprehensive knowledge of what it 
is all about. The majority of our fundamental 
laws in the United States find precedent in the laws 
or customs of England and this is true with the pat- 
ent laws. 

Some few hundred years ago, the Kings and 
rulers of England had great powers by the way of 
prerogatives, which were powers or authority rec- 
ognized at that time as being inherent in the Sov- 
ereign. Taxes were unpopular and the collection 
of taxes directed the wrath of the people against the 
Government. ‘Some of the Sovereigns, particularly 
Queen Elizabeth, discovered a means of raising 
taxes by the granting of monopolies to favored in- 
dividuals by the way of “letters patents” on the 
basis that the Crown should share in the profits 
from the monopolies. (A monopoly may be de- 
fined as an exclusive privilege which takes away 
an established right.) These monopolistic patents 
were grants to individuals giving them the exclu- 
sive rights to manufacture, import, and sell, some 
article within a prescribed territory; and providing 
penalties, such as seizure and destruction of the 
goods and arrest of the offender who violated these 
patent grants. Patents of exclusive rights were 
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granted by Queen Elizabeth which covered many 
necessities of life, for example, to sell salt, vinegar, 
starch, oils, paper, etc., to make boots and shoes, 
to collect ashes for the City of London, and many 
others. A monopolistic patent is one of the first of 
which we have a Court record. The Court decided 
that this patent was against the common law pro- 
hibiting monopolies, and, therefore, held the patent 
unenforceable. The basis for the decision was that 
the business of making playing cards had been es- 
tablished in England before the grant of this patent. 

There was no way under the English law where- 
by an inventor could retain any especial benefit 
from his invention except to try to keep the inven- 
tion secret. This might be satisfactory for chem- 
ical processes, but not for mechanical devices 
which carry in themselves the evidence of their 
novelty. Inventors, therefore, sought the assis- 
tance of courtiers and others who could reach the 
Crown to make a deal to obtain patents for limited . 
times giving them exclusive rights in their inven- 
tions, and in turn agreed that the Crown should 
share in the profits. The first of this type of patent 
appears to have reached the English Courts about 
4691. The meager report does not tell us to what 
the invention related, but it does convey the impor- 
tant fact that this type patent based on a new inven- 
tion was held not to be a monopoly and was held to 
be a proper grant which would encourage industry 
in the realm, and, therefore, the grant was 
sustained. 

You will observe that when one of these monop- 
olistic patents in England got to the Courts, it was 
usually stricken down but this did not stop the 
Crown from continuing to grant monopolistic pat- 
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ents which harrassed the public. 
easier way than by taxes to raise money for the 
Crown and the wrath of the public was directed 
against the patentee who attempted to enforce his 
monopoly and not against the Crown which had 
granted the monopoly. The condition became so 
bad that Parliament threatened to take away the 


This was an 


prerogatives of the Crown. This was a serious 
matter and meant much to the Sovereign. Queen 
Elizabeth, therefore, made a personal appearance 
before Parliament, one of the last that she ever 
made. She personally addressed Parliament on this 
subject and pointed out that she had never touched 
pen to paper to grant a patent except that it had 
been represented to her that the grant of such pat- 
ents should be for the benefit of the public at large 
although incidentally perhaps of private profit to 
some well deserving friend or courtier. She was 
also defended before Parliament by Robert Bacon. 
Moreover, at this time, Queen Elizabeth revoked 
many of the most obnoxious monopolistic patents. 
Parliament, for the time being, had its temper ap- 
peased, but the storm arose again and under James 
I in 1623, Parliament passed what is known as 
the Statute of Monopolies in which it took away 
from the Crown the prerogative of granting monop- 
olies, except that the Crown might grant letters 
patents for inventions new in the realm or inven- 
tions which were unknown in the realm but which 
were brought into the realm from over. the seas, 
and that the life of these patents should be limited 
to a period of fourteen years. It is because of this 
exception in the Statute of Monopolies that patents 
on inventions may be granted in England. It is 
also because of their basis being in the Statute of 
Monopolies that patents on inventions are some- 
times referred to as being monopolistic in charac- 
ter. You will observe, however, that the definition 
of a monopoly, namely, the taking away from the 
public of some right or privilege existing in the 
public, does not truly fit a patent on a new inven- 
tion, because if the invention is new and novel, the 
public never had any rights under such new and 
novel subject-matter. Patents on inventions how- 
ever, do restrict the natural right to make use of 
improvements and in that sense patents on inven- 
tions are monopolistic. In Queen Anne’s reign 
(1702-1714), a statute was passed requiring patents 
to have written specification as a safeguard against 
fraud. You will observe that the English patent 
rests on one of the prerogatives left to the Crown, 
that is, it is a property right created by the Crown. 
In fact it is in reality a bargain with the King to 
give the invention to the public at the end of four- 
teen years in exchange for exclusive rights for the 
period of fourteen years. English patents are in 
effect contracts with the government. 


United States History 


We leave the shores of England and come to 
America, and we find the Colonies brought with 
them the English laws and customs somewhat 
broadened to suit the new environment, and we find 
that several of the early Colonies or States, in a few 
instances, granted patents. 
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When the Constitutional Convention met at Phil- 
adelphia and began drafting the Constitution, there 
were three drafts, a first draft, a second draft, and 
a revision of the second which comprised the Con- 
stitution as adopted. In the first draft, there was 
no mention whatever of patents or copyrights. 
James Madison of Virginia and Charles Pickney 
of South Carolina both suggested clauses to go into 
the second draft of the Constitution pertaining to 
this subject-matter. Madison suggested that Con- 
gress have power to encourage the advancement of 
useful knowledge and discoveries. Pickney, who 
was more concise, suggested that Congress have 
the power to grant patents for useful inventions. 
These two resolutions were referred to a committee 
known as the Committee of Detail comprising one 
delegate from each State. There were eleven States 
represented at the Convention at this time and the 
Committee of Detail of eleven reported a resolution 
recommending a clause to the Constitution in the 
wording of the Constitutional clause substantially 
as it stands today and which is to be found in Ar- 
ticle 1, section 8, namely: 

“Congress shall have power to promote the 
progress of science and useful arts by securing 
for limited times to authors and inventors the 
exclusive right to their respective writings and 
discoveries.” 

The resolution as originally submitted was the 
same with the exception that it specified ‘“‘a limited 
time.” This was changed to make it “limited 
times,” thereby placing it in the power of Congress 
to extend patents from time to time if it so saw fit. 


This clause in the Constitution marks an epic in 
the viewpoint of the world as to the rights of an 
individual as to inventions. You will observe that 
this clause of the Constitution is the section relating 
to the powers of Congress, which is the legislative 
body that passes laws protecting property rights. 
You will note in England that the right to a patent 
emanated from the Crown, based on the preroga- 
tives of the Sovereign, which actually created the 
right that the subject of himself did possess under 
the English law. When we come to the United 
States, we find the citizen proclaiming himself as 
having certain inherent inalienable rights as set 
forth in the Declaration of Independence. This 
same thought is carried forward in the Constitu- 
tion, particularly as to patents, because here we 
find our fundamental statutory document specify- 
ing that Congress shall have power to “secure” to 
authors and inventors; recognizing the right being 
inherent in the authors and inventors but that the 
right is very insecure. Their only course of secur- 
ity without this protecting law would be to main- 
tain their inventions as secret processes which we 
have seen was not satisfactory. 


George Washington in his first message to Con- 
gress called attention to the necessity of encourag- 
ing manufacturers of new inventions in the United 
States. The first session of Congress did not act 
upon this suggestion, but in the second session, the 
first patent law of 1790 was passed. This patent 
law made the granting of a patent a solemn act in 
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that the grants were signed by the President of the 
United States, the Secretary of State and the Secre- 
tary of War. The Act of 1790 contained many 
fundamental elements that we are working under 
today. In 1793, it was decided that patents should 
be made more easy to obtain and a type of registra- 
tion system was inaugurated. This did not work 
out so well. Under the law of 1790, the patent was 
prima facie evidence that the patentee was the first 
inventor of the thing specified. Under the law of 
1793, the patent was not prima facie evidence but 
when the patentee got into Court, it was necessary 
for the patentee to establish the novelty of his in- 
vention. The patents under the Acts of 1790 and 
1793, copying the English law, had a life of four- 
teen years. At later dates other acts relating to de- 
tails were passed, more especially an act permitting 
a patent to be extended for seven years. Under the 
Act of 1798, petitions for patents were addressed to 
the Secretary of State, and were delivered to the 
Attorney General for examination, and if found to 
be in proper form patents were granted thereon. 
The patents, however, were issued through the State 
Department. The next real milestone is the Act of 
1836 which established the Patent Office under the 
Department of State. It provided for an examina- 
tion as to novelty, thus establishing the examining 
corps and the patent law system substantially the 
same as it is today. The Patent Office was trans- 
ferred from the Department of State to the Depart- 
ment of Interior and then finally to the Depart- 
ment of Commerce. In this Act of 1836, it was 
provided that the patents should be for a period of 
seventeen years, and without any extensions. An 
interesting side light in this act is that citizens of 
the United States. were required to pay $80.; aliens 
who made oath of their intention of becoming a 
citizen and had been residents of the United States 
- for a year paid the same, but if the applicant was 
a subject of the King of Great Britain, he was 
stuck $500.00. The fees have been changed from 
time to time and now are $25.00 when the applica- 
tion is filed and $25.00 when the application is al- 
lowed plus $1.00 for each claim above twenty. 
With this: substantive Act of 1836, we may come 
down to date. 


Patent Office Procedure 


An application for patent should be prepared by 
one skilled in the Patent Laws because of the ex- 
treme technicalities surrounding the soliciting of 
patents and also the enforcement of patents in the 
Courts. The application should be drawn to meet 
the ultimate test in Court, therefore, the man who 
drafts a patent application should know something 
of what happens when a patent gets into litigation. 
This very important step in the creation of a patent 
is often not given sufficient serious consideration 
to the sorrow of the client when the patent gets into 
the Courts. When the application is prepared, 
drawings of a specified size are made; a description 
or specification of the machine as shown in the 
drawings is made; and then at the end of the de- 
scription are certain numbered paragraphs referred 
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to as “claims.” These are the heart of the patent 
and comprise a survey of the invention set out in 
the technical language of patent law. The claims 
define the invention in its various aspects, so that 
it is not unusual to find a large number of claims 
attached to one specification. Before the Act of 
1836, claims were not required, but as early as 1820, 
it became the custom of patent solicitors to point 
out at the end of the specification what they con- 
sidered as the novel features of the invention. Be- 
fore that time, the invention was merely described 
and shown in drawings and sometimes in a model. 
Then it was up to the Court to figure out what was 
new and how broadly the patent could be interpret- 
ed. The claim system, however, defines the scope 
of the patent and because of this definition of scope 
when a patent is litigated, the claims are subjected 
to the mosf severe scrutiny and must stand the 
brunt of the opponent’s attacks. 


The application must be executed by the inventor. 
When the application is filed in the Patent Office, 
it receives a serial number and a filing date, and is 
sent to the particular division of the Patent Office 
which handles the applications on the invention 
defined therein. It is reached for examination in 
chronological order by the Examiner on whose desk 
it is deposited. He reads the specification, exam- 
reads the claims with all prior art patents and 
publications bearing on the subject in mind. If 
ines the drawings for errors and defects, and then 
he does not know of a prior art patent that defines 
the invention set forth in a claim, he makes a 
search through files of both United States and for- 
eign prior art patents to refresh his memory and to 
see if he can find a reference for the claim. If the 
claim is in proper form and from a legal standpoint 
is technically correct and the Examiner is unable to 
find any prior art patent or publication which re- 
sponds to the claim, he indicates the claim as allow- 
able. The Examiner rejects those claims, which, 
in his opinion, are neither in correct form nor de- 
fine a new invention in the known prior art. He 
writes a letter setting forth his conclusions to the 
attorney in the case. The attorney orders from the 
Patent Office copies of the patents cited by the 
Examiner. Domestic patents may be obtained at 
the cost of ten cents each, but as to foreign patents 
and publications it is necessary to obtain photo- 
stats. The attorney studies the rejected claims and 
the prior art to see if he can discover how the 
claims may be amended or changed to avoid the 
prior art and so become allowed. A response must 
be made to a Patent Office action within six months 
from the date thereof, otherwise the application 
under the law is abandoned. The procedure of 
amendments and rejections are both technical and 
complicated and many things may happen. How- 
ever, this process of rejection and amendment goes 
on until the case is closed. If the case is allowed 
and the final fee is paid, it becomes a patent. If 
the application is finally rejected by the Examiner 
the law permits appeals to be taken. If the Exam- 
iner is reversed, the patent may issue, but if the 
Examiner is finally sustained, the patent is refused. 
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If two or more applicants file applications for 
the same broad invention, even though in different 
forms, the Patent Office declares an interference. 
Interference proceedings are very complicated but 
are intended to determine which is the first and 
original inventor. When this has been finally de- 
termined an award of priority is made to the suc- 
cessful party and a patent issues to him. The find- 
ing of this ultimate fact may take several years in 
a hard fought interference. Interferences, legally, 
are perhaps the most technical branch of Patent 
Law. 


Applications for patents, and patents are assign- 
able in whole or in part, and a record division is 
provided in the Patent Office to provide for record- 
ing such assignments. Assignments for granted 
patents should be recorded because if not recorded 
within ninety days, an innocent purchaser without 
notice will take good title as against one who has 
neglected to record his assignment. 


When the patent is granted, it gives the right 
to exclude others from making, selling or using the 


patented invention in the United States and terri-- 


tories for a period of seventeen years from the date 
of the grant. When the patent expires, the public 
is then free to use the patented invention. A pat- 
ent does not convey the right to the patentee to 
“use” his own invention because this right belongs 
to the public by common law, but it may be taken 
away by statute law, and in this case, may be taken 
away by some prior, broader patent. For example, 
when Bell invented the telephone, he discovered a 
broadly new field of communication and he ob- 
tained a very broad patent, the claims of which 
substantially cover a method and apparatus for 
translating sound waves into electric waves and 
then reproducing sound from the electric waves. 
These claims were sufficiently broad to cover any 
type of telephone. Therefore, such claims are 
known as basic claims. Every telephone improve- 
ment made while the Bell telephone patent was 
alive infringed these broad claims, and, therefore, 
while others improved the Bell basic. invention, 
they were not entitled to use their improvements 
until the basic Bell patent expired. The same is 
true of the sewing machine. Howe invented the 
needle with the eye in the point of the needle and a 
later inventor invented the grooves in the side of 
the needle which hold the thread when sewing 
through heavy substances, thereby preventing cut- 
ting of the thread by the side walls of the hole 
comprising the eye. Howe did not invent the 
grooved needle, and, therefore, was not entitled to 
use this needle. The second inventor did not invent 
the broad idea of a needle with the eye thereof in 
the point, and, therefore, he could not use Howe’s 
invention. The result was that the two got togeth- 
er, and we have the practical sewing machine 
needle of today. 


Where a patentee sells directly to the public, even 
though he uses agents he may fix the price of his 
patented article as to the initial sale. He cannot 
fix the price if he sells through jobhers who pur- 
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chase the article, and price fixing cannot go be- 
yond the first sale to the buying public. 


Employer and Employee 


It is a principle of law that an invention and a 
patent thereon belongs to the inventor in the ab- 
sence of contract. Therefore, if you are in charge 
of the design of a machine and have several design- 
ers under your direction and one of these men 
makes an invention in connection with that ma- 
chine, if you did not employ him for the specific 
job of making that invention, but if you employed 
him generally for designing machinery, then any 
patent which he may obtain upon his invention is 
his own. However, if he permitted you to use the 
invention in a machine without objection or any 
payment of royalty, you have a “shop right,” that 
is, a right to continue to make such machines with- 
out paying royalty in that particular shop. A 
“shop right” is a limited license. If your shop is 
located in Albany, and your company has a branch 
in Chicago, you have no right to practice this same 
invention in Chicago. Also if you should desire 
to sell your shop in Albany, you cannot sell the 
“shop right” since it is a personal and non-transfer- 
able license. The inventor, on the other hand, has 
obtained his patent with only your shop right out- 
standing. He can make his patented article or he 
may license anyone he sees fit to make the patented 
device. He can sell his patent to a competitor. Of 
course, this competitor cannot take away your shop 
right but on the other hand, you have no redress 
against what the competitor may do with the inven- 
tion, other than not to disturb your shop right. 
Therefore, if you are in the manufacturing business 
employing skilled artisans to improve your product 
or make new inventions, it is only fair that you 
should pay these artisans a sufficient amount to 
justify their turning over to you any inventions 
which they may make in connection with your 
business. Contracts of this kind, when properly 
drawn, are invariably sustained by the Courts. It 
is entirely fair to include in such contract that any 
invention in your line which the employee may 
make within a period of one or two years or a 
reasonable time after the employee leaves your 
company, shall likewise belong to your company. 


Owners of an Undivided Part of a Patent 


Another feature of patent law that is not well 
known is the status of the owner of an undivided 
fractional part of a patent. Sometimes two or more 
persons collaborate to make an invention, one 
making this suggestion and the other making that 
suggestion. Under these conditions, they are joint 
inventors and all of them should sign the applica- 
tion for patent because the law requires the appli- 
cation shall be executed by “the inventor.” “The 
inventor,” in this case, is a plurality of persons 
rather than one, but if only one executes the papers 
“the inventor” is not before the Patent Office, and 
the applicant has not complied with the laws and 
the patent is invalid. If, on the other hand, there 
is some question as to whether all of these parties 
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are true joint inventors, it is best to have all sign 
or execute the papers because in that case “the in- 
ventor” is before the Patent Office and the other 
parties are excess baggage. The patent as a rule 
will not be stricken down in the latter case where 
it will be in the former case. 

Where an invention is completely worked out in 
the mind of the inventor but wherein he may lack 
skill to embody the invention in a mechanical de- 
vice or he may seek information as to a particular 
well known reaction of chemicals or as to the par- 
ticular kind of known electric circuit, which will 
produce the result which he has outlined and de- 
signed, in this case, the artisans on whom he calls 
for information do not become joint inventors with 
the true inventor. They have merely supplied the 
skill of the art and skill of the art is not invention. 
The invention was made by the man with the 
original concept. 

Where several parties are joint owners of a frac- 
tional part of a patent, either as joint inventors or 
as assignees of a part, any one of these parties may 
sell, license manufacture, in fact, do anything he 
pleases with his fractional part without in any way 
accounting to the other owners, in the absence of 
a contract not to act without their consent. In 
other words, one owner of a part of the patent may 
make one million dollars while his associates have 
not been able to make a cent, but the associates (in 
the absence of a specific contract) cannot get one 
cent of that million. 


Patent Litigation 


In the case of infringement of the patent, the 
patentee is entitled to recover both profits and dam- 
ages for the infringing act. As to articles which 
have been manufactured and sold before the patent 
was granted and while it was pending as an appli- 
cation, no redress is obtainable unless the article 
patented is in the nature of a large machine such 
as a printing press, a locomotive or something of 
that type which continues in use after the grant of 
the patent. In that case, the patentee may sue to 
stop the “use” of the device, but can obtain neither 
profits nor damages for manufacture or sales made 
before the grant of the patent. 

Infringement of patents is what is known in the 
law as a tort. A tort may briefly be defined as a 
private or civil wrong or injury, for example, if a 
man destroys your lawn by walking over it, if he 
trespasses on your property, or says something to 
injure your reputation, he commits a tort; so if 
he infringes your patent, this is a civil wrong, a 
tort, and you bring suit by filing a Bill of Complaint 
in the Federal Courts which by law have exclusive 
jurisdiction of patent law suits, asking for an in- 
junction and for an accounting as to profits and 
damages. The defendant may defend by saying 
in his answer that he does not infringe or that your 
patent is invalid for many reasons; for example, 
that you are not the first inventor, that the inven- 
tion had been in public use more than two years 
before you applied for a patent, or that it was dis- 
closed in a patent or described in a publication 
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more than two years before you applied for a 
patent, or that the machine or device disclosed in 
your patent is inoperative, or any other of the 
twenty some defenses that may be raised. Trials 
for infringement are usually in Equity before a 
United States District Judge, without a jury. The 
plaintiff puts on witnesses to show that the de- 
fendant’s device comes within the scope of the 
plaintiff's patent. Usually experts are employed 
for this purpose. Some times, the plaintiff puts on 
witnesses to show the extent of the business which 
has been built up under the patent. After the 
plaintiff has made out his prima facie case of in- 
fringement, he rests. The defendant then intro- 
duces testimony to show the patent is not valid or 
to show that the defendant’s device is different from 
the plaintiff's patent, and, therefore, does not in- 
fringe. If the defendant succeeds, the Bill of Com- 
plaint is dismissed and the plaintiff may appeal to 
the Court of Appeals of the respective Circuit in 
which the suit is brought. If the defendant sus- 
tains his defense in the Court of Appeals, the bill 
is dismissed and the case is finally closed except the 


‘plaintiff may petition the Supreme Court to review 


the case. Usually, this petition is denied. 

There are now ten Circuit Courts of Appeals cov- 
ering the United States and territories, and it some- 
times happens that a patent will be sustained in 
one Circuit against one defendant and will be held 
invalid in another Circuit against another defen- 
dant. Where this happens, the Supreme Court, 
upon petition, will usually review the case and de- 
cide which of the Circuit Courts was correct in its 
decision. 

If the plaintiff should win, then the case is sent 
back to the District Court, which Court appoints a 
Master who is an officer of the Court and powered 
to hear testimony and reach a conclusion. In 
other words, he is, in effect, a right arm of the 
Court to relieve the Court f detail work on points 
which have been decided by the Court. The Master 
hears testimony as to net profits which the defen- 
dant has made, and as to how much the plaintiff 
has been damaged by the defendant. When it 
comes to damages, damages must be proven in a 
patent case the same as in any other case. In 
other words, if the plaintiff was making a profit of 
fifty dollars on a machine, he may show that the 
defendant was the direct cause why he did not sell 
a certain machine and make his profit of fifty dol- 
lars, and the plaintiff was thereby damaged to that 
extent; or if he can prove that defendant’s coming 
into the field cut into his price so that he was only 
able to sell the machine for a profit of ten dollars, 
whereas before he had a profit of fifty dollars, then 
also he has proven damage. However, the proof 
must be direct and not speculative. 

You may also find yourself in difficulty as an 
infringer by selling some element of a patent com- 
bination, such as a common-place motor, provided 
you know that motor is to be used in a patented 
combination. This is called contributory infringe- 
ment. A District Court has recently held that elec- 
tric clocks, which are merely synchronous motors 


May 1932—COMBUSTION 

















and gearing, are infringements of a patent which 
covers a time controlled electrical alternating cur- 
rent to be used with a synchronous motor geared 
to indicate time, when such motors are sold to be 
used in such circuit as time pieces. You will note 
this patent in its specific terms does not cover the 
clock itself but covers the combination of a source 
of alternating current, a time control for the cur- 
rent, and a synchronous motor driven in harmony 
with the timed alternations. However, the motor is 
a part of that combination and when you knowing- 
ly sell something to be used in an exclusive patent- 
ed invention you have acted to contribute to the 
infringing result. Therefore, you may be liable. 


The principal weapon which is most powerful 
and is most to be feared in patent cases is the power 
of injunction. The Courts invariably enjoin, or 
in other words prohibit, a defendant from making, 
using, or selling an infringing device. This power 
is so great that it may close up a factory. Usually, 
but not always, the plaintiff is willing to grant a 
license to continue manufacture providing the 
license fee is satisfactory to enable the plaintiff to 
make a profit from its invention. A license fee of 
five cents per article gives a differential of ten cents 
to the plaintiff providing the plaintiff is manufac- 
turing and selling a competing article. The reason 
being that the defendant pays out five cents, and, 
therefore, is out of pocket that much, and since 
he pays it to plaintiff, plaintiff is in pocket five 
cents. The consequence is from the net cost to 
defendant to the profit of plaintiff means a differ- 
ential of ten cents, so that a royalty is a great ad- 
vantage to a plaintiff. 


Patents in Industry 


In connection with engineering work, it often 
becomes desirable to determine if a particular ma- 
chine or a particular project involves any patented 
structures. The only way this can be determined 
is to make a survey of the claims of all unexpired 
patents, (that is, patents less than seventeen years 
old) which bear on the particular subject. This 
sometimes becomes a very sizeable undertaking, 
particularly in a crowded art like radio where the 
art has grown up in recent years and has grown 
very rapidly and broad patents have not yet ex- 
pired. This is a job which requires the highest 
skill of a patent lawyer. He must not only be able 
to determine the question of infringement, that is, 
he must know whether anyone of thousands of 
claims in hundreds of patents will cover the device 
in question, but he must also know how far the 
Court is likely to consider the claims to be con- 
strued as equivalents. An equivalent is that which 
performs substantially the same function in sub- 
stantially the same way to secure substantially the 
same result. In other words, if a weight is re- 
placed by a spring, the weight may constitute an 
infringement of a claim which calls for a spring. 
Furthermore, the attorney must be capable of de- 
termining if any patent which appears to be in- 
fringed is valid. If he decides it is invalid he may 
recommend that his client go ahead regardless of 
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the apparent infringement. The matter of in- 
fringement and validity searches and reports is one 
in which a great responsibility rests upon the coun- 
sellor, because his decision often means the invest- 
ment of large sums of money in an enterprise. If 
the advice of the counsellor is wrong, the enterprise 
may be forced into failure by the successful litiga- 
tion of some patent which the counsellor either 
overlooked or felt could not be sustained. 

Every patent owned by a manufacturer becomes 
a door in a protective wall surrounding the enter- 
prise. This door opens outwardly to permit the 
business to develop, but it closes against efforts of 
an outsider to break into the protected enterprise. 
It is therefore advisable for a manufacturer to 
patent everything in his line whether he expects to 
manufacture the specific device or not. 

The patent system is the bed rock of our indus- 
trial growth. Holland had no patent system until 
recently, thus she has few manufacturers and is 
almost entirely an agricultural country. Switzer- 
land had no patent system and her representative 
to the Centennial in Philadelphia in 1876 reported 
to his government that unless a patent system was 
inaugurated the United States would lead the world 
in the watch industry. This happened, and then 
Switzerland established a patent system. 

Inventors are sometimes accused of being dream- 
ers. But when constructive dreams are protected 
by patents they often become tangible concrete 
things. Thus the wealth of the country is built 
up. The dreams of yesterday are the realities of 
today, often the luxuries, but the luxuries of today 
become the necessities of tomorrow. 





Bernard F. Weadock New 
Head of N. E. L. A. 


James F. Owens, President, announces the ap- 
pointment of Bernard F. Weadock as executive di- 
rector of the National Electric Light Association to 
succeed Paul S. Clapp, who resigned recently to be- 
come vice president of the Columbia Gas and Elec- 
tric Corporation. 

Mr. Weadock began his career in 1905 in the 
Corporation Counsel’s office of the City of Detroit 
and later became Assistant Corporation Counsel, in 
which capacity he remained until 1912. He then 
became general attorney for the Detroit United 
Lines and acted as assistant to the president until 
1920, when he entered into the general practice of 
law and in 1924 he came to New York as a member 
of the law firm of J. C. and B. F. Weadock. In 
1928 he severed his connection with that firm to 
become special counsel for the electrical utilities in 
connection with the Federal Trade Commission’s 
investigation. 

. Mr. Weadock assumed the duties of his new office 
on April 14. He will continue his present work be- 
fore the Federal Trade Commission. 
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The Design of 






Steam Generating Plants 


PART Il 
The Three Natural Fuels 


By F. H. ROSENCRANTS, Consulting Engineer 


Combustion Engineering Corporation, New York 


N idea of the relative consumption of the three 
natural fuels, i.e., coal, oil and natural gas, in 
stationary steam-generating plants of the United 
States, is conveyed by a study of Table 2. This 
table applies only to fuels used in connection with 
the generation of electricity, but it seems reasonable 
to assume that the relative consumption of the 
three fuels will be the same for stationary steam 
plants not included in this category. 

Of the three fuels coal is by far the most abun- 
dant. It is the most widely distributed and the 
quality of all known fields is well established. 

The map, Fig.-2, and Table 3, give a general idea 
of the location of coal fields and of the quantities 
and their general classifications. 

Table 41 reveals that although the western 
states dominate in quantity of coal deposits, the 
eastern states dominate in coal production. It will 
be observed that the ten states containing the larg- 
est quantities of coal account for 83 per cent of the 
deposits and that the ten largest producing states 
account for 94 per cent of total production. 

The conéentration of population and industry in 
the eastern states and the proximity of their coal 
fields to the principal ports for supplying marine 
and export requirements, account in large measure 
for the preponderance of coal production in this 
section of the country. An added factor of great 
influence, however, is the distinctly better quality 
of the coal. Nine-tenths of the high rank coal lies 
in the Appalachian region. By high rank is meant 
those coals which are low in moisture, high in 
the ratio of fixed carbon to volatile matter and low 
in ash content. Even in the Appalachian region 
the coals along the eastern side of the field are 
of higher rank than those along the western 
side. Generally speaking, the rank of coal de- 
leriorates progressively as we proceed from the 
east to the west until we reach the fields of Colorado 
and Wyoming. In these latter States there are 


1 Compiled from data by U. S. Geological Survey and U. S. Bureau 
of Mines. 
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In this article, the second of his 
series, the author considers the fuel re- 
sources of the United States with respect 
to present and future availability for 
stationary steam plants. Present sup- 
ply and future availability of the three 
principal fuels both have an important 
bearing on the design of steam plants, a 
point which is thoroughly discussed, 
especially in the latter part of the article 
where the author stresses the impor- 
tance of not closing the door to the 
future use of coal because of present 
conditions favoring the use of other 
fuels ... The accompanying tables will 
be found valuable for reference. 


appreciable quantities of bituminous coal which 
though inferior to the coals of the Appalachian 
region are superior to the coals of the lowa, Mis- 
souri and Kansas fields. In Table 5 the samples of 
coal listed are taken progressively from east to west 
and while so brief a table admits of many excep- 
tions, it gives a general picture of the variation in 
coal quality insofar as it can be shown by the prox- 
imate analysis. It also pretty well covers the qual- 
ity range of all coals found in the United States?. 

The aggregate production of coal to date in the 
United States is approximately 0.75 per cent of the 
present known deposits and no region is at the mo- 
ment remotely approaching exhaustion. The east- 
ern fields will undoubtedly be exhausted first but 
even this will not occur for a period of several cen- 
turies. It will, therefore, be apparent that a steam 
plant located at any point may be assured of a 
supply of coal of the characteristics for which it 
was designed for a period of time far in excess of 
the life of the equipment. 

Dating from the inception of the oil industry in 
the United States in 1859, the total U. S. production 
of oil up to the end of 1930 was 13,148,472,000 bar- 
rels of 42 U.S. gallons. The estimate of known 


2¥For specific information on coals of the United States, the reader 
should consult the Bulletin of the U. S. Bureau of Mines and in 


par- 
ticular Bulletins 22, 85, 123 and 230. Also the Keystone Coal Catalog 
and Buyers Guide of McGraw-Hill Catalog and Directory Co., Inc. 
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underground reserves on January 4, 1931, was ap- 
proximately 10,000,000,000 barrels. The rate of 
production over the past 20 years is shown in Fig. 
3. If we assume an average production over the 
next ten years of 1,000,000,000 barrels per year, the 
present estimated known reserves will have been 
exhausted in that period of time. To assume that 
the United States will be devoid of an underground 
supply of liquid oil by 1942 is far from a justifiable 
assumption as it is beyond the powers of any one to 
predict the extent of new discoveries which will be 


TABLE 2 


NATURAL FUELS USED IN PRODUCTION OF ELECTRIC 
POWER—1920-1930 








Coal Oil Natural Gas 

ia ‘ £ ~. he? 

Thousand Per Thousand Per Million Per 
Year Tons Cent Bbl. Cent Cu. Ft. Cent 
1920 37,124 90.0 13,123 7.4 24,702 2. 
1921 31,585 84.2 12,045 7.9 23,722 2.9 
1922 34,179 88.9 13,197 8.0 27,172 3.1 
1923 38,966 89.1 14,684 7.8 31,433 3.1 
1924 37,556 86.3 16,630 8.9 48,443 4.8 
1925° 40,222 90.1 10,246 5.4 46,521 4.5 
1926 41,311 90.2 9,399 4.8 53,207 5.6 
1927 41,888 90.7 6,782 3.4 62,919 5.9 
1928 41,350 89.2 7,156 3.6 77,326 7.2 
1929 44,937 85.5 10,124 4.6 112,706 9.9 
1930 42,898 84.6 9,260 4.4 120,289 11.0 


Figures taken from data published by U. S. Geological Survey, Division 
of Power Resources. 


made in the meantime. Little prospecting is being 
done at the present time as the present overproduc- 
tion difficulty. of the oil industry and the low price 
of oil is not a condition favorable to stimulation of 
prospecting activities. It is a fact worth noting, 
however, that successive estimates of underground 
reserves made during the history of the industry 
have each shown an increase over preceding esti- 
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Fig. 2—Coal fields of the United States. 


mates, in spite of the production which has taken 
place during the intervening period. 

In addition to the liquid reserves, the oil shale 
deposits in the United States are estimated to be 
good for a production of 92,000,000,000 barrels of 
oil and the bituminous coal deposits will yield upon 
distillation approximately 100,000,000,000 barrels. 
These secondary reserves can, however, scarcely be 
looked upon as sources of fuel for steam generation 
in competition with coal. 

The relative importance of the several states in 
the oil producing industry is indicated in Table 6. 

It will be noted that the three leading states ac- 
count for 81.81 per cent of the total production. 

Fuel oil is a product of the refinery. In the 
process of distillation, naphtha, gasoline, kerosene, 
distillate and gas oil follow one another in sequence 
as the temperature is raised. The residual is sold 
as fuel oil either without further distilling or after 
complete distillation for the purpose of recovering 
the final increments as lubricating oil, paraffin and 
other products. Practically all of the gas oil, and 
in addition a substantial amount of fuel oil, is 
used in the manufactured gas industry. In the 
statistics given herewith gas oil and fuel oil are 
grouped together as one item. 

Since the introduction of “cracking” processes 
about 15 years ago, and the rapid increase in the 
demand for gasoline in proportion to crude pro- 
duction, the yield of kerosene has been reduced to 
the minimum requirements by conversion to gaso- 
line. The lubricating fraction is as essential as 
gasoline, thus leaving as further stock for the crack- 
ing process, gas oil and fuel oil. Fig. 4 shows the 
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influence of the introduction of cracking processes 
on the yield obtained from crude. Note the irregu- 
lar but persistent decline in the production of gas 
and fuel.oil. 

The variations in chemical analysis of gas and 
fuel oil are not great and are unimportant in their 


TABLE 3 


ESTIMATED ORIGINAL TONNAGE BY STATES AND RANK 
OF COAL AT CLOSE OF 1927 


(In millions of net tons of 2,000 Ib. each) 
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PS. <Gtbvukests  <saha0 100 ae” * shbeeto. tsecene 
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South Dakota..... ee 26656; oh SeeeEt | U-<0NSae. obeeene 
DEOND nc55.5605, shenes  s5500% Se: ssete0  “seawee 
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Figures taken from data published by U. S. Geological Survey. 


influence on the adaptability of the fuel for steam 
generation. 

A typical analysis, in per cent, is carbon 85.6, 
hydrogen 12.2, sulphur 0.8, nitrogen 0.80, oxygen 
0.60. 

The physical characterictics vary rather widely 
and particularly the viscosity, the most important 
factor affecting the handling and atomizing of the 
oil for boiler furnaces. Fuel oil is graded accord- 
ing to viscosity as follows: 


Moisture Sediment 
Viscosity * Temp. at Limit Limit 

seconds deg. fahr. per cent per cent 
Bunker “A” not over 100 at 77 1.00 0.25 
Bunker “B’’ not over 100 at 122 1.00 0.25 
Bunker “‘C” not over 300 at 122 (———2.00-—_) 





* Saybolt-Furol Viscosmeter. 


All of these oils may be used successfully in boil- 
er furnaces. The more viscous the oil the higher 
the pressure and temperature required. All may be 
handled with a limiting pressure of 300 lb. gage 
and a limiting temperature of 300 deg. fahr. 

The consumption of gas oil and fuel oil in the 
United States for the year 1930 was 348,630,278 bar- 
rels. The distribution of fuel oil for various serv- 
ices is shown in Table 7. Note that the consump- 
tion for electric power generation is only 2.7 per 
cent. The corresponding figure for each of the 
four preceding years is as follows: 1926—2.8, 
4927—2.0, 1928—2.0, 1929—2.7. The item “all other 
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uses,” includes an appreciable amount of oil for 
steam generation. Much of it, however, is for pre- 
ferred service in which the convenience of oil fuel 
justifies a premium in price over coal. 

In the medium and large size stationary steam 
plants only a small premium will be paid for the 
convenience of oil fuel. Oil must compete with 
other fuels essentially on a B.t.u. basis. With a 
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Fig. 3—Oil production in the United States (from data published 
by U. S. Bureau of Mines). 


shortage in fuel oil production only those steam 
plants which are remotely situated from a supply 
of coal will be able to afford the price. 

The cheapness of transportation of fuel oil by 
pipe line and by water renders it accessible to prac- 
tically every industrial center and particularly to 
those on the seaboard. During periods of over- 
production it frequently becomes possible to con- 
tract for fuel oil for a period of months, or perhaps 
for a year or so on terms which represent a sub- 
stantial saving compared with the normal fuel sup- 
ply for the station. 


TABLE 4 
DISTRIBUTION OF COAL DEPOSITS AND PRODUCTION 
ACTIVITY 


Known Coal 


Deposits in Coal Production in 


Per Cent of Per Cent of Total 

otal 1926 1927 

Wee . vcsevace 19.5 Pennsylvania ...... 36.1* 37.3° 
North Dakota..... 17.4 West Virginia...... 21.8 24.3 
Montana ......... 11.3 BOMEGORY 600.0 crcee 9.6 11.6 
Colorado ......... 9.2 SEMIOID occccccccces 10.6 7.8 
DE is 5 6.5% 014.6 5.8 ere 4.2 2.6 
New Mexico....... 5.5 Alabama .......... 3.2 3.3 
West Virginia..... 4.4 ee 3.5 3.0 
Pennsylvania ...... 3.8 ; rr 2.1 2.2 
Kentucky ......... 3.6 Colorado ........0. 1.6 1.6 
| eee 2.7 Wyoming ......... 3, 1,1 
83.2 94.8 93.7 
© Anthracite gecoumts FOF cccssccccccccccceccceees 12.9 14.4 


From the foregoing it must be apparent that to 
build a steam plant with a prospective equipment 
life of 45 to 30 years or more adapted exclusively 
to the use of fuel oil would be, in other than excep- 
tional circumstances, exercising very questionable 
judgment. Over such a period of time the availa- 
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bility of fuel oil is questionable and the price is 
more than likely to fluctuate between wide limits. 
Flexibility in design making the oil-fired plant 
readily adaptable to coal burning may be achieved 
at very small cost. Such flexibility should be and 


TABLE 5 


ANALYSES OF TYPICAL COALS LISTED GEOGRAPHICALLY 
FROM EAST TO WEST 
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=o ve - ., Sits 
2 a°.0CU BPC a 3 kis 
3 oy 8b F 3 * Bio 
a >a mea < n a > 
Pennsylvania 
pT PTT ee Terre 1.30 5.68 85.57 7.14 0.42 13,777 15.1 
Sullivan County ' 
Semi-Anthracite .... 3.4 9.3 75.6 11.7 0.8 13,120 8.1 
Cambria County 
Semi-Bituminous ... 3.3 12.5 77.9 6.3 1.0 14,340 6.2 
Cambria County 
Bituminous ........ 3.1 26.0 64.4 6.5 1.4 14,160 2.5 
Allegheny County 
Bituminous ........ 3.7 34.0 56.8 5.5 1.4 13,870 1.7 
Ohio 
Coshocton County 
Bituminous ........ 4.5 38.7 50.8 6.0 3.6 12,900 1.3 
Indiana 
Knox Co. Bituminous. 10.6 38.1 43.0 8.3 $7 21758 i3 
Illinois 
Montgomery County 
Bituminous ........ 2.7. 35.5 40.2 11.6 4.2 10,670 1.1 
Iowa 
Marion Co. Bituminous 15.7 36.9 35.8 11.6 5.1 10,290 1.0 
Colorado 
Cafion City 
Bituminous ........ 9.1 35.7 48.0 7.2 0.9 11,700 1.3 
Denver Sub-bituminous 25. 28.0 41.1 5.3 0.4 9,180 1.5 
Texas 
Milam County Lignite 36.0 27.9 28.7 7.4 0.8 7,130 1.0 
North Dakota 
Morton County Lignite 38.5 27.6 26.6 7.3 1.3 6,700 1.0 


in the majority of important installations is in- 
corporated in the design. Pulverized coal and oil 
may be used in the same furnace in such a manner 
that a change-over from one fuel to the other with- 
out losing load on the unit is possible. Oil firing 
and stoker firing may also be combined but will re- 
quire a shut down of from 24 to 48 hours in chang- 
ing from one fuel to the other to permit placing or 
removal of protective refractory coverings on the 
stoker grate surface necessary to prevent damage 
when burning oil. 


TABLE 6 
PRODUCTION OF PETROLEUM IN 1930 





Barrels Per Cent of Total 
Texas Py VET TL OTTR OTTO T Te 289,965,000 32.35 
Ee eee ee 228,099,000 25.45 
QORIMROMB oc ce veccccccccccccees 215,227,000 24.01 
es Cieddebcnunevedeucts 41,617,000 4.64 
CD. ctecwecdcuvene ete een 23,107,000 2.58 
PE tvavelccusdavidceenaens 19,663,000 2.19 
eee 17,846,000 1.99 
ES vcddvcédcuceusctaes 12,797,000 1.43 
New PN) aavaceutdcnnns dees 10,172,000 1.14 
EE aa 4 Gav cewkedecetuueses »345,000 0.82 
rrr eae 6,519,000 0.73 
Dt wsiecec ccarecernekimeke 5,699,000 0.64 
DO errr 5,092,000 0.57 
CE bid 5c 4RbadeKvenener 3,802,000 0.42 
ED din’. Guia KaWewes cVenkus 3,509,000 0.39 
BE ar cvkteveueuketweunenes 3,139,000 0.35 
CE duis wrawcles wee cubacous 1,657,000 0.19 
CA te twee ide oan dues ue as 991,000 0.11 
EEE Sa ticaKeenbewreccienes 19,000 7 


Natural gas is the ideal fuel and commands a 
premium in price on a B.t.u. basis for most services 
for which heat must be supplied by the combustion 
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of fuel. The heating value generally speaking 
runs from 900 to 1200 B.t.u. with an average of 
about 1,000 B.t.u. per cu. ft. In rare cases the 
heat value runs up to 1500 to 1800 B.t.u. per cu. ft. 
Natural gas is nearly always found in association 
with oil. States which are large producers of oil are 
also large producers of natural gas. In view of the 
high cost of transport it is natural that gas is used 
in large quantities near the source of production 
even for low grade service where it must compete 
with oil on a B.t.u. basis. This situation holds for 
the four largest producing States—Texas, Okla- 
homa, California and Louisiana—states which pro- 
duce a large exportable surplus above local require- 
ments and which with the exception of Oklahoma 
are remotely located from a supply of good coal. 
By reference to Table 8, it will be observed that for 
the year 1930 these four states produced 76 per cent 
of the total gas produced in the United States and 
used 79.2 per cent of the total gas used in the United 
States for electric power generation by public utili- 
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Fig. 4—Yield obtained from crude oil. 
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ties. If Kansas, which is close to the Oklahoma 
field, is included, the consumption for the five states 
for electric production is 89.7 per cent of the total 
used for such service. 

In the eastern field, including Pennsylvania, Ohio. 
and West Virginia, natural gas meets the competi- 
tion of high grade coal and the concentration of 
population and industry is such as to furnish a 
high grade market at a good price for the entire 
gas output. Hence but little natural gas finds its 
way to the electric power plants. These three 
states produced in 1980 a total of 15.3 per cent of 
the gas produced in the United States, but used in 
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the electric generating plants of the public utililies 
only 3.8 per cent of that so used for the country as 
a whole. 

The largest item in the cost of natural gas at 
points remote from the source of production is the 
fixed charges on the cost of the pipe line. Modern 
methods of constructing steel pipe has so greatly re- 
duced this item of cost that the natural gas industry 
has been revolutionized. In the past few years the 
trunk line mileage radiating from the sources of 
production has been brought up to about 50,000 of 





TABLE 7 

DOMESTIC DELIVERIES OF GAS, OIL AND FUEL OIL IN 1930 

1,000 Bbl. Per Cent 
DRRRIRNNIOR:. <..S cih coun eeeneiacssoseee sho uae se 94,130 27.0 
eS ne Renn boone sina sieb eis bis 67,900 19.4 
Used as fuel by oil companies ..............0.. 53,437 15.3 
Manufactured gaS .......ssseeeecccceccceeeeese 18,265 5.2 
CRIN DION 5 5b 05's .6 0:00 nen's cub tebe 17,344 5.0 
ee ee ee ee reer ert er 15.210 4.4 
ER eins sis snd s xb enw ese ho'sh boos 9,822 2.8 
SUNS OWEE UMIIND. ooo. 0 60:00 cbse ose ewes a'ces 9,260 2.7 
Navy Ond Grmy WANSPOTtsS 2. occ ccssccewcccvses 8,635 2.5 
Pe ED 5h hao chad snynesks0dues2005 54,627 15.7 
DRE skin dawiaeatese sash aneseeaens 348,630 100.0 


Figures taken from data published by U. S. Bureau of Mines. 


Note.—The above table does not include 15,537,000 barrels of furnace 
oil (oil lighter than fuel oil) for commercial and domestic heating. 


which 10,000 miles were completed during the year 
ending July ist, 1931. 

Natural gas transported to industrial centers re- 
mote from the source of supply cannot compete on 
a B.t.u. basis with coal which may be obtained close 
at hand. Hence under such conditions compara- 
tively small quantities of it are used in the genera- 
tion of steam in large or medium-size plants. Some 
plants so equipped that they can burn either gas or 
alternatively coal or oil at a moment’s notice, and 
can switch from one fuel to the other without inter- 
rupting service, are in position to take advantage of 
“dump” rates for gas on off-peak service, i.e., dur- 
ing periods when the demand for gas for other 
services is such as not to load the pipe line. Such 
occasions occur daily, weekly and seasonally with 
dependable regularity. It therefore becomes prac- 
tical to contract for off-peak gas on a profitable 
basis for both the user nd the pipe line owner. The 


TABLE 8 


NATURAL GAS PRODUCTION AND USE FOR STEAM- 
ELECTRIC GENERATION BY STATES IN 1930 


Used by Electric 

















Production Public Utility Plants 

la A— a c A ‘ 

Billion Per Billion Per Cent 

Cu. Ft. Cent Cu. Ft. of Total 
Ry ere ere 517.9 26.6 43.8 36.4 
TR. sevscesecen’ 348.1 17.9 6.7 5.6 
PE <csossas bene® 334.8 17.2 26.2 21.8 
DAE cccossvcscces 278.3 14.3 18.6 15.4 
West Virginia ......... 144.2 7.4 0.1 0.1 
Pennsylvania .......... 88.7 4.6 0.1 0.1 
ED. obo ode 000s vesese a? 63.4 3.3 4.3 3.6 
OO o.0s0s500000% 43.2 2.2 0.2, 0.2 
ee a rrr 37.6 1.9 12.6 10.5 
BORIMERY cvcccvecesves 23.0 1.4 0.0 0.0 
DES: 6.068 00080n000 18.6 1.0 1.5 1.2 
Re eae 40.6 2.2 6.2 5.1 
eer 1,943.4 100.0 120.3 100.0 


phenomenal increase in the use of gas for steam 
generation is due partially to this but more to the 
greater radius from the sources of production 
which may be served by modern pipe line construc- 
tion in competition with other fuels. Gas may be 
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transported on a B.t.u. and mileage basis as cheap 
as, or cheaper than coal i.e., gas can successfully 
compete with coal at any point which is as far from 
the coal mine as it is from the gas well. 

The ultimate reserve of natural gas is a matter 
of speculation. Enormous reserves have been es- 
tablished for serving the newly constructed pipe 
lines but the ultimate date of exhaustion is very un- 
certain. The most conservative estimate of present 
gas reserves is about 20,000,000,000,000 cu. ft., or 
about ten times the present annual production. 
The amount of gas yet to be discovered, however, is 
beyond the powers of prediction. 

Equally important with the available supply is 
the rate of consumption. New pipe lines are still 
being built and those already built are not yet 
loaded to capacity, particularly for off-peak serv- 
ice. It therefore becomes difficult to predict what 
the annual consumption is likely to be ten years 
hence. With both the ultimate supply and the rate 
of consumption so uncertain the ultimate date of 
exhaustion is a matter of speculation. 

One thing is certain and that is that with a de- 
cline in production there will be less and less avali- 
able for steam generation at a price which will 
compete with coal. 





TABLE 9 
DOMESTIC DELIVERIES OF NATURAL GAS FOR U. S. A. 
1929 1930 
rs A any Cc A— ‘ 
Billion Billion 
Service Cu. Ft. Per Cent Cu. Ft. Per Cent 
Field (drilling, pumping, operating 
gasoline plants, etc.) ......eee. 705 36.8 723 37.2 
Domestic (including commercial).. 360 18.8 377 19.4 
Manufacture of carbon block...... 61 13. 267 13.8 
Electric public utility power plants. 112 5.8 120 6.2 
Petroleum refineries ......0.-..00- 104 5.4 99 5.1 
Portland cement plants .......... 42 2.2 41 2.1 
Ce eee 333 17.4 315 16.2 
1,917 1,942 


Figures taken from data published by U. S. Bureau of Mines. 


_ Note.—‘Other industrial” includes an appreciable amount of gas used 
in the manufacture of carbon block and in the cement industry. 


Table 2 shows the extent to which natural gas 
is being used by public-utility steam plants. Table 
9 shows the part this same gas represents of the 
total natural gas production. 

From the above it will be apparent that of the 
three natural fuels coal is the only one the future 
of which is certain for many generations to come. 
The continuity of oil and gas supplies for steam 
generation at prices which make fhem attractive 
in competition with coal over a period of years 
is very uncertain. Therefore in building steam 
plants it seems highly desirable that however 
strongly present conditions may favor either oil or 
natural gas, the design should not close the door on 
the future use of coal. Conversely the design of 
the coal burning plant should take into serious con- 
sideration the desirability of being able to switch 
quickly and at small expense to natural gas or oil 
either for continuous service or in the case of nat- 
ural gas, for daily, weekly or seasonal off-peak 
service. The desirability of such flexibility was 
never so apparent as under present economic con- 
ditions. The cost of obtaining it in new designs is 
insignificant. 
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Power Station 


Mr. Brownlie discusses the principal 
. features of a number of the leading British 
power stations and of two outstanding in- 
dustrial plants. Some of these plants are 
still in process of installation. The trends 
indicated are for the most part, moderate 
pressures with high superheat, divided 
opinion as to methods of firing and steam 
reheating, treatment of stack gases to re- 
move sulphur compounds, and, in some in- 
stances, chlorination of condenser water. It 
is quite apparent from this article that Great 
Britain is proceeding in a substantial way 
with its plans for national electrifcation. 


N spite of the world depression, steady progress 

continues to be made with the electrification of 

Great Britain, which of course involves new power 
stations and extensions to many existing stations. 

Accordingly it will be interesting to give an out- 
line of the latest tendencies in British power station 
practice as represented by a number of new plants 
now being erected or only recently completed. In 
this connection reference will be made to Kirkstall, 
Leeds, Clarence Dock, Liverpool, just recently 
completed, Dunston B, Newcastle, Battersea, Lon- 
don, Fulham, London, Barking extensions, London, 
and Jron Bridge, near Shrewsbury, now in course 
of erection, as well as to Kearsley, near Manchester, 
and Deptford West, London, which have been run- 
ning some time; in the industrial field to the Ford 
plant, in process of erection at Dagenham, near 
London, and the Synthetic Ammonia and Nitrates, 
Ltd. plant at Billingham-on-Tees, completed in 
1930. 

These stations, with others in addition, show, as 
the chief characteristics of British practice, a grad- 
ual increase in steam pressures, although not to the 
same extent as in the United States, and very high 
superheat. say 800 to 850 deg. fahr. Also dust 
separating systems, mostly on the centrifugal prin- 
ciple without water jets, are being rapidly adopted, 
and well over 50 British stations are already 
equipped. In addition much attention is being 
given to scrubbing chimney gases with water to 
remove acid sulphur compounds. 

The practice of treatment of cooling water with 
a measured trace of chlorine gas, having as the pri- 
mary object the prevention of organic growths on 
the condenser tubes, continues to make progress. 

The gilled steel tube economizer is now preferred 
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Design 


in Great Britain 


By DAVID BROWNLIE 


London 


to the high-pressure cast iron designs and generally 
both air heaters and economizers are used. The 
adoption of reheating, however, is still slow. 

More difference of opinion than ever now exists 
as to the best method of firing, not only mechanical 
stoking versus pulverized fuel firing, but also as 
regards the different methods in each field. We 
have now reached the stage in Great Britain when 
no very definite preference exists for traveling grate 
stokers, multiple retort stokers, storage pulverized 
fuel systems, or direct fired pulverized fuel systems. 
Thus individual British stations, just as in the 
United States, France, and Germany, have adopted 
one system and then added another alongside, and 
in some instances the same companies have all 
three methods in operation in their various plants. 

In the opinion of the writer, the main tendencies 
in Great Britain during the past year or two are a 
decline in pulverized fuel as compared with 
mechanical stoking, while in the latter field the 
multiple retort stoker has made some advance, 
although the traveling grate type has long been 
most in favor. The direct fired pulverized fuel sys- 
tem has also advanced rapidly at the expense of 
the storage or bin and feeder system. It must be 
emphasized, however, that all four methods of fuel 
burning have been improved in design, and in 
methods of operation and control, so that in each 
case with the aid of water-cooled furnace walls, 
automatic control equipment, and other refine- 
ments, over all efficiencies of 82-90 per cent are 
being obtained in continuous commercial opera- 
tion. 

The rapid growth in the electrification of Great 
Britain is shown by the recent issue by the Central 
Electricity Board of $35,000,000 of Central Elec- 
tricity 5 per cent stock 1955-1975 at a price of 95 
per cent, this having been handled by the Bank of 
England. : 

Essentially the Central Electricity Board, consti- 
tuted by the Electricity Supply Act of 1926, are 
carrying out the erection of the overhead “grid” 
system all over Great Britain, and they are empow- 
ered, with the consent of the Electricity Commis- 
sioners (British Government) to borrow up to 
$250,000,000 for this purpose. Already there has 
been involved in this connection a total sum of 
$164,000,000, of which $37,500,000 is in respect of 
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the standardization of frequency and $126,500,000 
for the construction and acquisition of main trans- 
mission lines. 

For this work 3928 miles of overhead main trans- 
mission lines have been specified, of which 2310 
miles are already constructed with 910 miles in 
operation, while the total amount of electricity gen- 
erated in Great Britain since 1922 by authorized 





Kirkstall station—view at burner level. 


undertakings and railway and tramway authorities, 
but not including all the private power stations and 
plants, is as follows: 








Year Ended Units Generated 
March 31, 1922 4,884,660,038 
March 31, 1923 5,738,718,485 
March 31, 1924 6,681 524,272 
March 31, 1925 7,415,375,529 
March 31, 1926 8,122,961 823 
March 31, 1927 8,365,857,198 
March 31, 1928 9,927,850,630 
March 31, 1929 10,878,980,925 
March 31, 1930 14,961,621 ,965 
December 31, 1930 12,332,949,844 


December 31, 1934 (estimated) 12,820,000,000 





Taking now individual stations, the first section 
of Kirkstall, Leeds, which came into operation last 
year, includes three bent tube boilers, each of 160,- 
000 lb. evaporation per hr. normal and 184,000 lb. 
overload, operating at 490 lb. pressure and 750 deg. 
fahr. superheated steam temperature, with both air 
heaters and feedwater economizers. These boilers 
are fired with pulverized fuel (storage type) and 
there are separate rotary dryers for the coal. Cen- 
trifugal dust collectors are installed. The generat- 
ing equipment consists of two turbo-generators of 
25,000 kw. each. 
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The new Clarence Dock Station, belonging to the 
Corporation of Liverpool, will be eventually 400,000 
kw., and will contain 32 water-tube boilers and 8 
turbo-generators each of 50,000 kw. The present 
first section consists of four horizontal tube boilers 
and two 50,000 kw. turbo-generators, of which only 


one is operated at a time. The boilers have an 
evaporation of 160,000 lb. per hr. each and 175,000 
lb. overload, running at 450 lb. pressure and 750 
deg. fahr. superheated steam temperature, which, 
however, is to be raised in the immediate future to 
825 deg. fahr. The firing is by means of traveling 
grate stokers, while in addition each boiler has one 
unit pulverizer with two burners, to take the peak 
load. Air heaters and steel tube economizers are 
installed. 

This plant utilizes a special method of washing 
the combustion gases with water jets, designed by 
H. L. Robinson, the Chief Engineer. A Chloronome 
plant for sterilizing the cooling water is installed, 
using approximately 0.50 parts of chlorine per 
1,000,000 parts of water. 

By September, 1932, the first section of the new 
Dunston B Station of the Newcastle-on-Tyne Elec- 
tric Supply Company is to be completed, consist- 
ing of 12 water-tube boilers operating at 625 Ib. 
pressure and 825 deg. fahr. superheated steam tem- 
perature. The chief features of this important new 
station may be summed up as moderate steam pres- 
sure, high temperature of superheated steam, re- 
heating between the stages of the turbine, and the 
use of traveling grate stokers for some of the boilers 
and unit pulverizers for the rest. The generating 
equipment consists of three turbo-generators of 
50,000 kw. each to be operated at 600 Ib. pressure 
and 800 deg. fahr. at the stop valve. 

Provision is made for reheating of the steam 
from 525 to 825 deg. fahr. Each turbine is of the 
2-cylinder tandem type, running at 1500 r.p.m., the 
steam being returned for reheating at 120 lb. pres- 
sure. The present plans are for Dunston B to be 
extended to 300,000 kw., although this will prob- 
ably be exceeded. 


Six of the boilers are designed for 156,000 lb. 
normal evaporation, while the other six, which are 
combined steam generators and reheaters, will each 
generate 125,000 lb. of steam per hr., in addition to 
the raising of 200,000 lb. of steam at 150 lb. pres- 
sure from 525 to 825 deg. fahr. Eight of the boil- 
ers are to be operated by traveling grate stokers 
and the other four boilers by unit pulverizers. All 
the boilers have extra large combustion chambers 
with water-cooled walls, and will be equipped with 
superheaters, air heaters and economizers. This 
plant will be equipped with 72 dust collectors ar- 
ranged in groups of six each in parallel to the boil- 
ers; these are being installed in accordance with 
the latest practice before the induced draft fans, so 
as to prevent erosion of the latter by the dust. 

The new Battersea Power Station of the London 
Power Company is also to be running by the end 
of 1932 and is designed for an ultimate capacity of 
400,000 kw., the present first section being 130,000 
kw., which is provided by two 65,000 kw. turbo- 
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generators, with space for the immediate addition 
of a third. The chief interest of course in connec- 
tion with Battersea is the very large equipment 
being constructed for the washing of the flue gases 
with hot water at 160 to 180 deg. fahr., to remove 
all the acid sulphur compounds. Similar plants 
are under construction at the Deptford and Willes- 
den Power Stations, belonging to the same Com- 
pany, following upon the original experimental 
work at the Grove Road Station. 

The latest details are difficult to obtain, but 
apparently 17 to 22 tons of hot water at 160 to 180 
deg. fahr., is to be used, per ton of coal burned un- 
less it will be possible to reduce the amount by the 
employment of catalysts along the lines of the work 
being undertaken at the University of Illinois. In 
this connection it is interesting to learn from the 
London Power Co., Ltd., that a higher elimination 



























































1. Battery of dust collectors 
2. Forced draft fans. 

3. Air preheater. 

4. Induced draft fans. 


5. Hydraulic variable speed 
couplings. 

6. Induced draft fan motors. 

7. Dust hopper 


Iron Bridge station—views showing arrangement of dust collec- 
tors before induced draft fans. 


of sulphur from combustion gases can be obtained 
when the CO, content is reduced to about 9 per cent, 
that is when the oxygen content is increased to 10 
to 11 per cent, by adding air before washing, or 
preferably aerating the wash water. 

Much more information, however, is wanted on 
the whole question of scrubbing combustion gases 
with water or dilute solutions, especially in the way 
of capital and operating costs, and probably diffi- 
culties in the way of corrosion, reduction of the 
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natural draft because of the lowering of the tem- 
perature, and the tendency to a deposition of dirty 
rain outside the top of the chimney. 

In London also consent has been given by the 
Electricity Commissioners for the erection by the 
Fulham Borough Council of a new power station 
at Fulham, on the Thames, which is to be 300,000 


kw. with five 60,000 kw. turbo-generators and 16 


boilers each of 350,000 lb. evaporation per hour, 
operating at 600 lb. pressure. This is to include 
another method of scrubbing the gases with water 
to remove the acid sulphur compounds, but full 
details with regard to Fulham are not yet available, 
much opposition having been aroused against this 
scheme, as also in the case of Battersea, because of 
the pollution of the atmosphere. 

Particularly interesting are the present extensions 
at the Barking Power Station of the County of Lon- 
don Electricity Supply Co. Ltd., comprising 150,000 
kw., to be ready next winter, which will bring the 
station up to 390,000 kw., with plans also for the 
erection of another 150,000 kw. after 1932, making 
a total ultimate capacity of 540,000 kw., which 
would make this the largest power plant in the Brit- 
ish Empire. The main features of the extensions in 
hand, comprising the third section of the station, 
are medium pressure, high temperature of super- 
heat, medium-size boilers, mechanical stoking on 
the traveling grate principle, and absence of re- 
heating. It is the intention to run this 150,000 kw. 
extension as the base line portion of the station at 
50 per cent load factor, as compared with 35 per 
cent load factor for the whole plant, and under 
these conditions it is the opinion that traveling 
grate stokers operating continuously at steady load 
are the best proposition in this case, superior to 
multiple retort stokers and also pulverized fuel 
firing. 

The equipment now being installed comprises 
eight boilers, each of 256,000 lb. normal evapora- 
tion per hr., operating at 625 lb. pressure and 800 
deg. fahr. steam temperature, with water-cooled 
walls, steel tube feedwater economizers, superheat- 
ers, air heaters, and traveling grate stokers. Also 
there are two turbo-generators of 75,000 kw. each, 
the largest yet constructed in Great Britain. 

The No. 4 section at Barking consists of 12 boilers 
and 4 combined steam reheater and boiler units 
running at 375 lb. pressure and 750 deg. fahr. 
superheated steam temperature. All sixteen boilers 
are fired by traveling grate stokers, the evaporation 
in each case being 75,000 lb. per boiler per hr. 

The second section at Barking consists of 410 boil- 
ers at 375 lb. pressure and 725 deg. fahr. super- 
heated steam temperature, with bin and feeder 
pulverized fuel firing, the rated evaporation of each 
boiler being 135,000 lb. per hr. The total generating 
plant of 240,000 kw. is made up of four 40,000 kw. 
turbo-generators and four 20,000 kw. turbo-genera- 
tors. The first section of the new Iron Bridge Sta- 
tion on the River Severn, belonging to the West 
Midlands Joint Electricity Authority, is particularly 
interesting because it will be the first plant in the 
world to be operated with centrifugal dust collec- 
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tors installed before the induced draft fans to pre- 
vent erosion, on the same lines as at Dunston B. 
The steam generating plant consists of three bent 
tube boilers of 225,000 lb. normal evaporation each 
and 275,000 lb. overload, running at 400 lb. pres- 
sure and 800 deg. fahr. superheated steam tempera- 
ture, each fired with three unit pulverizers with six 
burners per boiler. The dust collectors are 36 in 
number, that is 12 per boiler, arranged in two sets 
of six each in parallel before the induced draft 
fans, as stated. A 50,000 kw. turbo-generator is to 
be installed, which includes 4-stage feedwater heat- 
ing and reheating between the stages. 


Considerable interest attaches to the Deptford 
West Power Station on the Thames, of the London 
Power Company Ltd., as this is one of the most 
efficient in Great Britain. For example, during a 
run of ten months ending October 31, 1934, in 
which there was a total output of 254,766,820 kw- 
hr., and a consumption of 121,946 tons of coal and 
25,297 tons of gasworks coke, the net thermal effi- 
ciency per kw-hr. generated was 23.842 per cent, 
and 22.821 per cent for power delivered to the feed- 
ers. Also the boiler efficiency was 82.48 per cent, 
and practically the same results are given for a 
previous twelve months’ period, ending December 
31, 1930, which showed a thermal efficiency of 
22.072 per cent per kw-hr. delivered to the feeders. 
Generally the gross overall thermal efficiency of 
steam generation varies from 86.43 to 87.54 per 
cent. Deptford West is one of the best equipped 
power stations in Great Britain from the point of 
view of taking continuous accurate records. 

It will be remembered from a previous contribu- 
tion that the most efficient power station in Great 
Britain for the year ending December 31, 1980 was 
Kearsley, near Manchester, the figure being 23.84 
per cent. This plant is equipped with traveling 
grate stokers, with steam generating conditions 
of 315 lb. pressure, 685 deg. fahr. superheated steam 
temperature and moderate air preheating. This is a 
relatively small plant (only 64,000 kw.) operating 
under easy conditions at moderate ratings. 


It is difficult to describe in a short space the 
power equipment of the Deptford West Station 
because of the different sizes of the boilers, but 
essentially the operating conditions are 375 Ib. pres- 
sure and 780 deg. fahr. superheated steam tem- 
perature. There are 12 boilers, and extensions now 
being completed will add four more. The firing 
equipment includes both traveling grate and mul- 
tiple retort stokers. An interesting feature of the 
plant is an elaborate system of closed circuit feed- 
water heating. 

The new Ford plant at Dagenham is one of the 
most interesting and important industrial installa- 
tions in the world. It consists of three very high 
pressure boilers of 1200 Ib. per sq. in., and a turbo- 
generator of 30,000 kw., discharging at 200 lb. per 
sq. in. to the general heating and process mains, 
this steam supply being augmented by two other 
water-tube boilers of 200 lb. per sq. in. Each 
of the high-pressure boilers will have a normal 
output of 205,000 lb. of steam per hr. Four sep- 
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arate fuels are to be used, i.e., pulverized coal, coke, 
blast furnace gas, and town’s refuse. 

Also of great interest is the plant of Synthetic 
Ammonia and Nitrates Ltd., of Billingham-on-Tees, 
which has eight forged-drum water-tube boilers 
operating at 800 lb. steam pressure and 856 deg. 
fahr. superheated steam temperature, fired with 
pulverized fuel, on the storage principle. Each 
boiler has an evaporation of 245,000 lb. of water 
per hr. and 269,000 lb. overload. The equipment 
includes gilled-tube steaming economizers, air 
heaters, superheaters, 7-stage feedwater heating, 
and plant for the provision of pure distilled make- 
up water having a capacity of 2500 metric tons 
(2204 lb.) per 24 hr. 





The Hagan Corporation announces the appoint- 
ment to its Pittsburgh sales engineering department 
of E. W. Wagenseil who was, for the past five 
years, in charge of air preheater sales for Blaw- 
Knox Company. For 48 years before coming to 
Blaw-Knox Company, Mr. Wagenseil was engaged 
in Stoker Engineering and Sales, having been West- 
inghouse representative at Chicago and later sales 
manager of the Harrington Stoker. His work dur- 
ing the past five years with Blaw-Knox Company 
was principally concerned with the application of 
preheated air to heating furnaces, soaking pits, ete., 
in the steel industry. 


National Process Meeting in Buffalo, 
N. Y., June 6-7 


An interesting session has been arranged for the 
National Process Meeting to be held in Buffalo, 
June 6 and 7. Several important papers will be 
presented. The paper on flow data will be en- 
litled “Flow of Gases and Liquids in Closed Con- 
duits” and is being prepared by R. J. S. Pigott, of 
the Gulf Refining So. It will give the results of 
studies on the flow of liquids and gases in closed 
conduits, varying from smooth brass pipe to brick 
ducts. The paper will attempt to collect available 
authoritative data, particularly with a view to set- 
tling the effect of roughness of the conduit. 

The paper on alignment charts is being prepared 
by T. H. Chilton, A. P. Colburn, R. P. Genereaux 
and H. C. Vernon, of the DuPont Co. These align- 
ment charts have been developed by them for use 
in fluid-flow and heat transfer problems. Charts 
will be included on Pressure Drop in Clean Steel 
Pipe, Turbulent Region; Film Coefficient of Heat 
Transfer, Gases Flowing Through Tubes; Design 
Chart; Gases in Tubes; Film Coefficient of Heat 
Transfer, Gases Flowing Across Tube Banks; Free 
Convection Outside Horizontal Cylinders; Free 
Convection, Vertical Surfaces; and Film Coefficient 
of Heat Transfer, Condensing Vapors. 
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REVIEW OF NEW TECHNICAL BOOKS 


Any of the books reviewed on this page may be secured from 
In-Ce-Co Publishing Corporation, 200 Madison Avenue, New York 





Examination of Water 


(Chemical and Bacteriological) 


By William P. Mason 
Revised by Arthur M. Buswell 


HIS is the sixth revised edition of Mason’s work 
which has been considered a standard text on 
this subject for more than a generation, and few 
books relating to water analysis have had such a 
wide appeal. 

Although changes and additions have modern- 
ized the book completely, the method of presenta- 
tion and spirit of the first edition have been kept 
the same. The aim of the book remains unchanged 
—to give suggestions for the determination of min- 
eral matters in water and present such material on 
the bacteriological examination as has been dem- 
onstrated to be of real service to the water examin- 
er. New methods which were unknown at the 
time of the publication of the original edition have 
been added. The appendix, which is new, contains 
methods of procedure giving details of making 
analyses taken from authoritative sources and also 
contains a summary of bacteriological analysis. A 
more extensive discussion of losses due to hard 
water and detailed directions for the systematic 
analysis of boiler waters have been included. 

Of special assistance to students, engineers and 
chemists who possess no special training in water 
purification but who are reponsible for the control 
of water-treating systems, is chapter four, relating 
to laboratory exercises for water treatment. 

Book contains 224 pages, size 6 x 9, bound in red 
buckram, price $3.00. 


Electrical Phenomena in Gases 
By Karl Kelchner Darrow 


HYSICISTS, chemists and many workers in 

industrial laboratories will welcome an inclu- 
sive treatment from the pen of a scientist so widely 
known as the author, research physicist at the Bell 
Telephone Laboratories. Few subjects evoke a 
livelier interest and the literature, except in the 
form of scattered articles on various phases of the 
subject, is scant indeed. The work is addressed to 
the elucidation of the general principles of the con- 
duction of electricity through gases, and the de- 
scription and discussion of methods and experi- 
ments. Dr. Darrow has spent much time in the 
preparation of the present volume. Perhaps no 
happier selection of author could have been made, 
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for Dr. Darrow not only is thoroughly familiar 
with the recent developments on the subject but 
has written and lectured on various parts of the 
field for a number of years. He has written a book 
which is the latest authoritative word on a subject 
of wide interest to physicists and chemists. 

The book is bound in green silk, size 6 x 9, 500 
pages, 88 engravings, 9 halftones; price $8.00. 


Smoke 
(A Study of Aerial Disperse Systems) 
By R. Whytlaw-Gray and H. S. Patterson 


LTHOUGH in the past much attention has been 
directed to practical problems connected with 

smoke, few attempts have been made to explain the 
behavior of smoke in terms of general principles, 
or even to correlate its properties with the number, 
size, and nature of its constituent particles. An ad- 
mirable account of all the work done on the subject 
up to 1924 is given in Dr. Gibbs’ book Clouds and 
Smokes and a perusal of this shows that whilst 
many technical processes have been devised for 
dealing with various types of aerial suspensions 
little direct experimental evidence is available on 
the many basic features they have in common. 

This book is a contribution to the scientific study 
of smoke. In it these systems are considered as a 
special type of disperse material and the authors 
have attempted to indicate how far the parallelism 
between aerial and aqueous suspensions implied 
in the term “aerosol” really extends. Hitherto few 
investigations of this character have been published 
and in consequence most of the book treats of work 
carried out at Leeds (England) during the past few 
years. Although it is clear that much remains to 
be done, and the book covers only a general survey 
of a wide territory, the authors have explored some 
of its main features and have worked out methods 
which pave the way for future advances. Chapter 
headings as follows: Early investigations on 
Smoke: Errors in Counting in Smokes; Present 
Methods of Counting Particles; The Coagulation of 
Smokes; The Theory of Coagulation; The Forma- 
tion of Smokes; The Structure of Smoke Particles; 
The Determination of Weight Concentration; The 
Size and Density of Smoke Particles; Size Distribu- 
tion in Smokes; Photophoresis; The Scattering of 
Light by Smokes; The Electrification of Smoke 
Particles; The Evaporation of Droplets; Further 
Problems; Author and Subject Index. 

Book is bound in cloth, size 54% x 8%, contains 
192 pages; diagrams and plates. Price $4.50. 
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NEW CATALOGS AND BULLETINS 


Any of the following publications will be sent to you upon request. Address your 


request direct to the 


manufacturer and mention 


COMBUSTION Magazine 





Bolted joints 


Alco Bolted Joints is the name of a 
pamphlet issued by the Alco Products 
Incorporated. This pamphlet describes 
and illustrates various types of Alco 
Joints and lists the features claimed, 
some of which are as follows: narrow 
and thin metal gaskets, gaskets under 
high compression, nubbing in face of 
flange cuts into gasket when joint is 
tightened making an effective seal, hook 
bolt joints quickly and easily assembled 
and disassembled. 4 pages, 8% x 1ll— 
Alco Products Incorporated, 220 East 42 
Street, New York. 


Combination Burning of Blast Fur- 
nace Gas and Pulverized Fuel 


A reprint has been recently published 
by Combustion Engineering Corporation 
describing test data on a steam generating 
unit fired by blast furnace gas and pulver- 
ized fuel in combination. The latter part 
of the article is devoted to a description 
of a control system which has been suc- 
cessfully applied to such _ installations. 
The concluding paragraphs discuss recent 
developments in furnace design and 
methods of firing which are being applied 
with marked success in plants using coal 
and gas in combination. 8 pages, 8% x 
11—Combustion Engineering Corporation, 
200 Madison Avenue, New York. 


Filtration Equipment 


Water Filters and Filtration Equipment 
is the title of a new bulletin describing 
the principles of filtration, the pretreat- 
ment of different classes of waters, the 
various types of chemical feeds, vertical 
and horizontal pressure filters, concrete 
and wood gravity filters, activated carbon 
filters, etc. 28 pages, 8!4x 11—The Per- 
~ 003 Company, 440 Fourth Avenue, New 

ork. 


Free Vane Recorder Controller 


Catalog No. 4001 describes the Bristol 
Free Vane Air Operated Recorder Con- 
troller. The principle employed in this 
controller is a new departure in pneumatic 
control. It permits one actuating element 
to move a penarm making a chart record, 
and to operate a control system. Further- 
more, the free vane principle of control 
does not require any work to be done by 
the actuating element. Consequently, the 
recording mechanism is unimpeded and 
gives a true record of the temperature or 
pressure. This catalog is very compre- 
hensive as it describes the various types 
of controllers and includes charts and 
tables. 24 pages and cover, 8% x 11—The 
Bristol Company, Waterbury, Connecticut. 


Lubrication 


A pamphlet entitled Systematic Lubrica- 
tion for your Machinery has been issued 
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by the Alemite Corporation. This booklet 
describes the various equipment for lubri- 
cation and also includes the following 
discussions: “Why Positive Lubrication?” 


“High Pressure Methods.” 14 pages, 
81%4x1l—Alemite Corporation, 2650 


North Crawford Avenue, Chicago, IlIli- 
nois. 


Magnesite Brick 


Reprints entitled New Developments in 
Unburned Magnesite Brick for the Metal- 
lurgical Industry have been recently is- 
sued by the General Refractories Com- 
pany. Copies of this reprint will be sent 
upon request by the manufacturer. 12 
pages and cover, 814x11—General Re- 
fractories Company, 106 South 16th 
Street, Philadelphia. 


Photoelectric Recorder 


A pamphlet recently issued by the Gen- 
eral Electric Company describes the new 
G-E Photoelectric Recorder. This re- 
corder is characterized by extreme sen- 
sitivity. It is entirely self-contained, re- 
quiring no batteries for its operation. It 
can be furnished to operate on a circuit 
of any standard frequency or voltage. 
The partial list of quantities that can be 
recorded is as follows: current, voltage, 
illumination, vibration, noise, diameter of 
ball bearings, cylinders, wire, etc. 4 pages, 
814x11—General Electric Company, 
Schenectady, N. Y. 


Protective Coatings 


An interesting circular has recently 
been issued by Cheesman-Elliot Company 
describing CE-CO Hi-Degree Gray Coat- 
ing which will withstand temperatures of 
1500 deg. fahr. and even higher. Repre- 
sentative plants in which CE-CO Heat 
Resisting Paints are being used are in- 
cluded. 4 pages, 8% x 11—Cheesman- 
Elliot Company, 639 Kent Avenue, Brook- 
lyn, N. Y. 


Refractories 


A pamphlet has recently been issued 
by the ‘Laclede-Christy Clay Products 
Company describing the Laclede Mullite, 
a super-refractory at low cost. A radical 
departure from former manufacturing 
processes has made it possible to market 
the brick at a price only slightly higher 
than first quality fire brick. Resistance 
to spalling caused by temperature changes, 
ability to withstand very high tempera- 
tures without shrinking or deforming, 
and resistance to attack by molten slags 
are some of the qualities claimed for this 
brick. 4 pages, 814 x 11—Laclede-Christy 
Clay Products Company, St. Louis. 


Steam Plant Modernization 


The article entitled “Modernizing the 
Old Boiler Plant” which appeared recent- 


ly, has been reprinted by Combustion En- 
gineering Corporation. This article de- 
scribes the details of several actual cases 
in which substantial economies followed 
the adoption of a simple but careful de- 
veloped modernization plan. In each case 
not only was the full cost of operating 
the unit after modernization less than 
that before, but the quantity of steam 
produced was substantially increased. 8 
pages, 84% x 11—Combustion Engineering 
en, 200 Madison Avenue, New 
ork. 


Steam Trap 


The Armstrong Steam Trap is the 
title of a pamphlet recently issued by the 
Armstrong Machine Works. This pam- 
phlet describes the Armstrong Steam Trap 
with the newly developed free floating 
lever principle. Tables giving sizes, 
capacities, prices, pressures and tempera- 
tures are included. 4 pages, 81% x11— 
Armstrong Machine Works, Three Riv- 
ers, Michigan. 


Tube Timing Control 


Bulletin No. 13101 entitled New Cut- 
ler-Hammer Tube Timing Control de- 
scribes the new tube control for welder 
service. The accuracy of this timing con- 
trol is consistent within a fraction of a 
second regardless of severity of service. 
4 pages, 8'%x11—Cutler-Hammer, 12th 
and St. Paul Ave., Milwaukee, Wis. 


Water Level Recorders 


Bulletin No. 112 describes the Bailey 
Boiler Water Level Recorders. This 
booklet outlines the advantages, the 
mechanical construction and the various 
methods of installation of the Bailey 
Boiler Water Level Recorders. It de- 
scribes the method for obtaining records 
of the true water level throughout the 
full range of the drum. A large number 
of illustrations are included showing in- 
stallation photographs and reproductions 
of actual chart records. 8 pages, 8% x11 
—Bailey Meter Company, 1050 Ivanhoe 
Road, Cleveland, Ohio. 
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NEW EQUIPMENT 


of interest to steam plant Engineers 





Boiler Water Hydrometer 


It is well-known that if the concen- 
tration of mineral salts in steam boilers 
is allowed to reach a given density, 
the inevitable result is foaming, prim- 
ing, wet steam and a reduction in 
boiler efficiency. It is, therefore, of 
utmost importance to know when to 
blow down the boiler and this information 
can be obtained only by making regular 
tests of the concentration. 

In order to provide power plgnt oper- 
ators with a quick, easy and accurate 
method of making these tests, E. Edel- 
mann & Co., 2332 Logan Blvd., Chicago, 
have perfected the No. 62 Boiler Test-O- 
Meter. This instrument provides a means 
of withdrawing and holding the water. 
It has a built-in thermometer scaled from 
60 deg. fahr. to 120 deg. fahr., and a 
test may be made at any temperature 
within that range. This is an outstand- 
ing improvement as practically all hy- 
drometers are calibrated to 
test at only one temperature. 

Dirty water never touches 
the scale of the thermometer 
of the Boiler Test-O-Meter. 
It is always visible and easy 
to read. 

The Boiler Test-O-Meter 
has a built-in correction table 
which acting in combination 
with the thermometer shows 
at a glance the amount to 
subtract from the float read- 
ing to determine the concen- 
tration. It is likewise 
equipped with a conversion 
table, built into the jar con- 
taining the thermometer and 
correction scale, which tells 
the amount of concentration 
of the mineral salts in both 
grains per U. S. gallon and 
parts per million. No calcu- 
lations are necessary in mak- 
ing a test with the Boiler 
Test-O-Meter. The operator 
does not have to be an expert 


to use it. It is a regular 
laboratory, incorporated in 
one compact unit, which 


entirely eliminates the neces- 
sity of having an _ extra 
beaker or jar to hold the 
water, an extra thermometer 
to take the temperature of 
the water and a separate con- 
version table, 


Feed Water Regulation Equipment 


The Swartwout Company, 18511 
Euclid Avenue, Cleveland, Ohio, have 
made new developments in their boiler 
feedwater regulation equipment. 

The “S-C” Feedwater Regulator uses 
a new type of differential valve in order 
to overcome the disadvantages of the 
old differential valves. This new valve 
is the “S-C” Differential Type Mas- 
ter Control, which is essentially a pres- 
sure amplifier. Comparatively insignifi- 
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cant fluctuations in differential pressure 
are magnified, and these enlarged fluctua- 
tions are used to operate the differential 
pressure valve. 

In the accompanying diagram, “A” rep- 
resents an “S-C” Feedwater Regulator 


A” GENERATOR 
4 6 








operated by its Generator “B.” It is 
the pressure drop across “A” that it 
is desired to maintain constant. This is 
done by controlling the Valve “C” which 
in turn is governed by the differential 
pressure master control valve “D.” 

Pressure is brought in through the 
pipe “E.” This operating pressure 
can be any dependable source of steam, 
water, or air, ranging from 80 Ib. to 
250 ib. This operating pressure passes 
through the valve body of “D,” on 
through the body of the valve “F” 
(which normally offers it free pas- 
sage), and through the pipe “G” to the 
diaphragm of the valve “C.” The two 
sides of the diaphragm of the valve “D” 
are connected respectively to the inlet 
and outlet of the feedwater regulator 
valve “A.” As a result, the net differ- 
ential pressure across the valve “A” re- 
sults in a moving force to actuate the 
differential type master contro! valve 
bl! oa 

The valve “C” is maintained in such 
a position that the differential across the 
feedwater regulator valve “A” is con- 
stant. Should this differential pressure 
tend to rise, it causes the stem of the 
master control valve “D” to move in a 
downward direction. This reduces the 
venting effect through the pipe “J,” and 
admits more pressure through the pipe 
“FE,” thus increasing the pressure travel- 
ing through the pipe “G” to the dia- 
phragm “C,” and so begins to close the 
valve “C.” Conversely, a decrease in the 
differential pressure across the feed- 
wr regulator valve “A” opens the valve 

The setting of the master control valve 
“DPD” and the differential pressure valve 
“C” is such that the lowest possible dif- 
ferential is maintained consistent with 
feeding the boiler under all normal loads. 
This permits a relatively wide opening of 
the feedwater regulator valve “A.” But 
provision must be made for feeding the 
boiler under abnormally high load con- 
ditions. 

A second master control valve “F” is 
interposed in the piping between the 
master control valve “D” and the dia- 
phragm of the differential valve “C.” The 





diaphragm of the valve “F” is connected 
into the same generator system which 
controls the feedwater regulator valve 
“A.” Springs are so adjusted that at all 
fluctuations in normal water level the 
stem of the valve “F” will remain in its 
highest position, and a free passage 
opened through the body of the valve 
“F” for the intermediate pressure be- 
tween the master control valve “D” and 
the diaphragm of the differential valve 
“C.” But when the water level in the 
boiler goes still lower, the increased gen- 
erator pressure in “B” reacts upon the 
diaphragm of the master control valve 
“F” and starts to move it in the down- 
ward direction. This movement begins to 
close off the supply of intermediate pres- 
sure to the pipe “G” and the diaphragm 
of the valve “C,” and starts to vent this 
pressure through the pipe “K.” This 
starts to open the valve “C,” and this 
action goes on progressively until it is 
wide open and the full pump discharge 
pressure is available to force water 
through the body of the feedwater regu- 
lator valve “A,” which is itself wide open. 

In this way the boiler is protected in 
an emergency by having a free opening 
directly through all valves from the pump 
discharge to the boiler drum. Since all 
“S-C” Valves are capable of opening the 
full pipe area if the quantities of water 
to be handled demand it, it is readily 
seen how well the boiler is protected 
against low water. 


Reducing Valve 


A new reducing valve has been de- 
veloped by the Mason Regulator Com- 
pany, 1190 Adams Street, Boston, Massa- 
chusetts. This valve has been designed 
to reduce inlet pressures up to 600 Ib. 
with temperatures up to a total of 750 
deg. fahr. to any constant lower pressure. 

Specifications are as follows: Body— 
Chrome-Molybdenum Steel (High Ten- 
sile Strength); Valves—Nitrided Tung- 
sten-Alloy Steel (New  Superhard 
Metal) ; Valve Seat Rings, Piston, Piston 
Liner—Stainless steel (Non-Corrosive). 

Valve bodies have a homogeneous grain 
structure relieved of all internal stresses 
and strains by scientific heat treatment in- 
suring accurate machining and freedom 





from leakage after valves are ground in. 

This valve is simple, compact and can 
be disassembled with ease. 

The spring-pressure adjusting screw 
is enclosed in a protective cap which may 
be padlocked in, place to guard against 
tampering. 
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1—Gaseous Combustion at High 
Pressure 


By William A. Bone, Dudley M. 


Newitt and D. T. A. Townsend 
(London) 


400 pages 6%x10 £2Price $15.00 


In the first chapters are described the 
new high pressure gas reseach labora- 
tories at the Imperial College of 
Science and Technology and their 
equipment, as well as the apparatus 
and procedure employed. The experi- 
mental studies presented in this book 
consist chiefly of hydrogen-air, car- 
bonic oxide-air and methane-air ex- 
plosions at various initial pressures 
between three atmospheres and two 
hundred atmospheres. The authors 
have compared their results with 
those that have been conducted by 
other experimenters and this feature 
makes the book a valuable adjunct to 
the library of chemists and engineers 
who are interested in this line of 
work. The appendix contains a com- 
plete bibliography, a summary of the 
principal data relating to compressi- 
bilities of gases and a description of 
the new Bone-Newitt gas analysis 
apparatus now employed at the labor- 
atory in which the experiments were 
conducted. The book is well illus- 
trated and contains many charts, dia- 
grams and tables. It is bound in 
cloth. 


2—Hydraulics (4th Edition, Re- 
vised 1932) 
By E. H. Lewitt, B. Sc. 
(London) 

384 pages 814 x 5% _ Price $3.00 
Deals from first principles with the 
theory of hydraulics and its applica- 
tion. This is primarily a student’s 
textbook and no attempt has been 
made to deal with design problems, 
which are beyond the:scope of the en- 
gineering degree. Numerous worked- 
out examples from past B. Sc. exam- 
inations of the University of London 
are included; also a number of exer- 
cises, with answers, at the end of 
each chapter. A large amount of 
new matter has been added to the for- 
mer edition of this book, giving the 
results of recent researches on the 
viscous flow of fluids. Contains nu- 
merous illustrations and diagrams; a 
summary of formulas, useful tables 
and data. Useful in the examinations 
for the A. M. Inst. C. E. and the A. M. 
I. Mech. E. 


3—Steel Construction 


450 pages 8% x 5% Price $2.00 
The 1932 Handbook of the American 


erable new material has been added, 
and the data regarding the new sec- 
tions recently produced by the rolling 
mills is complete up to the minute of 
publication. The arrangement is ex- 
cellent. The fact that there is com- 
plete information on one page for 
each size section saves not only time 
but the possibility of error. Very at- 
tractively bound and indispensable in 
the office of anyone in the steel busi- 
ness. 


4—Draft and Capacity of 
Chimneys 
By J. G. Mingle 
339 pages [Illustrated Price $3.50 


The most authoritative book ever pub- 
lished on the subject of draft and 
chimneys. The subject matter has 
been developed primarily from a 
theoretical standpoint and then am- 
plified by experimental data gleaned 
from; actual practice. 

The author observes that draft, 
even to the expert, frequently con- 
tains an element of mystery, and that 
there is often a great deal of con- 
fusion and misconception on the sub- 
ject. A careful study of this book 
will give a thorough and practical 
knowledge of this important subject. 
The book is profusely illustrated with 
graphs and charts. Many valuable 
tables are included and the index has 
been prepared for ready reference. 


5—A Handbook of English in 
Engineering Use 
By A. C. Howell 

308 Pages Price $2.50 
Here is a real up-to-the-minute hand- 
book that should be on the desk of 
every technical writer. Most engi- 
neers have occasion to do considerable 
writing and will find this useful. 
Chapters are devoted to word usage 
and idioms, sentence and . paragraph 
structure, composition, punctuation 
and the mechanics of writing and 
grammar. Examples cover letters, 
reports and technical articles. 


6—Steam Tables and Mollier 
Diagram 
By Joseph H. Keenan 


Price $2.00 
These new Steam Tables, extending to 
a pressure of 3,500 Ib. per sq. in. and 
a temperature of 1000 deg. fahr., were 
developed from the latest experi- 
mental data secured by investigators 
in laboratories of Europe and those of 
the United States. The Symbols used 
in this work are taken from the latest 
test prepared by the A. S. A. Sub- 
Committee for Heat and Thermody- 


Institute of Steel Construction, com- namics. A large copy of the new 
bines the information contained in Mollier Diagram (23” x 34”) is also 
their previous publications. Consid- included. 


Postage prepaid in the United States on all orders accompanied by remittance or amounting to five 
dollars or over. 
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Boiler, Stoker and Pulverized Fuel 
Equipment Sales 


As reported by equipment manufacturers to the 
Department of Commerce, Bureau of the Census. 





Boiler Sales 


Orders for 201 boilers were placed in February 
by 72 manufacturers 





Number Square feet 

GR. TEE coc ceevsbeekeccencencsccmenennen 201 . 
SEE de cccbaswasevees cusaeceeeceecet 461 487,456 
ae ml to February (inclusive, 1932).......... 472 472,530 
GLVGNEME DOTIOG, TIGL cccccccccccccccccssece 1,012 1,011,080 
BOER eedndaeeceunecesdodeteetsecens 7,508 6,327,262 





NEW ORDERS, BY KIND, PLACED IN FEBRUARY, 1931-1932 
February, 1931 February, 1932 











i 
Kind Number Square feet umber Square feet 
Stationary: 
Wetee. CHDE cccccoscecece 56 281,202 25 147,416 
Horizontal return tubular. 36 40,311 12 14,392 
Vertical fire tube......... 60 17,163 33 7,238 
Locomotive, not railway.. 2 886 9 10,031 
SE EE vec bide sees 276 127,367 109 49,277 
OU COUBETY coe cecccccce 8 A 1 752 
Self contained portable.... 20 11,829 11 6,443 
Miscellaneous ........+-- 3 1,498 1 5,000 
NN (Si ct ednabnkedeuaees 461 487,456 201 240,549 





Mechanical Stoker Sales 


Orders for 62 stokers totaling 8,134 hp. 
were placed in February by 55 manufacturers 





Installed under 
“Fire-tube boilers Water-tube boilers 


No. Horsepower No. Horsepower 
62 8,134 24 8,418 





February, 1932* 


WORUESD, TERE Kcoccecesvececcacus 88 10,762 38 10,173 
January to February (inclusive, 1932) 132 18,440 67 32,254 
Equivalent period, 1931............ 200 25,948 90 30,306 
WO MEE. 6606 Secevcdkasectaceescs 1,889 252,571. 574 187,507 


* Preliminary. 





Pulverized Fuel Equipment Sales 


Orders for 12 pulverizers totalling 74,188 Ib. 
were placed in February 












































Even a Bessemer Converter 
is not too hot for 


CE-CO 


H1-DEGREE GRAY COATING 


The only paint that will 
withstand temperatures up to 
1400 deg. fahr. and higher. 


CE-CO Hi-Degree Gray Coating produces a 
pleasing dark gray finish which will not crack 
or peel on bare metal surfaces subjected to 
temperatures ranging from 600 to 1400 deg. 
fahr., or even higher. This coating also re- 
sists corrosion from weather exposure and 
ordinary plant and stack fumes. 












STORAGE SYSTEM : 
oe A ——— It is recommended for use on cupolas, stacks, 
ulverizers Water-tube Boilers ° 
—»~—__, — x . breechings, hot flues and ducts, damper 
g & 8% ‘ . frames, water gas generator shells and stacks, 
—n os 3 e e 
383 38 gg metallurgical cooling towers, and other steel 
te be “5 &§5 or iron surfaces exposed to the action of in- 
a = = Pa”) o= 
E 8S 3 2° * te yi: tense heat. 
438. 83 § FB 88 
3.87 3S € 88 Bs 
isi: %, | 3 3: | CHEESMAN-ELLIOT CO., Inc. 
MUU SEED Gxvccdecdeé de “08> ae “cukdue ce “Skenee “eemanes Established 1876 
| Seg 1) gpenoeesy ee 1 40,000 1 29,100 375,000 
cha yond ae iY elite. hail TECHNICAL Paint MAKERS 
Equivalent period, 1931... 3 2 1 100,000 2 £80,277 1,079,000 
Total, 1981 .....00. 8 7 1 250,000 4 126,471 1,797,000 639-647 Kent Avenue, Brooklyn, N. Y. 
DIRECT FIRED OR UNIT SYSTEM 
Pulverizers Water-tube Boilers \ 
\C - « ~ LR NL SRR CNM ER ee —_— x 
TO io vckcécece 12 10 2 £74,188 10 £75,911 742,200 CHEESMAN-E.uioT Co., Inc 
Feb ereeseane: = ws 7 ” ‘ 
i Ry SCE (in- . _ ‘ — segues 639 Kent Avenue 
pcigsive, 1932) +s 225-++ 19 15 4° 103,788 16 106,709 1,010,950 Brooklyn, N. Y. 
uiv. ~— 5 * mis 
peeenenianee e644 Ome Re Oe Please send us Bulletin No. 10 describing CE-CO 
Teak {9G i vicccees 72 52 20 450,960 58 417,327 4,455,595 Hi-Degree Gray Coating and other Heat Resisting Paints. 
Fire-tube Boilers 
as A ~‘ FIRM ee 
yebruary, sy Cthiddeawue : aes Oem éu: -eneuee. Cudmani 
ebruary, 1931 .......... 3 2,250 3 3,000 ~—S- 22,350 
January to Rebrary Gi iii dciiniteenincendinapeeaiiilahins 
ClUSIVE, 1952) ceoccccece ec 0 8 eeesee 88 80008 $ e000ccs 
Equivalent period, 1931. aes 9 - 9 8,250 9 10,500 75,700 ADDRESS es 
WE SOO) adewadads 35 11 24 39,300 37 59,761 347,100 PRES to auddcdesdzedcecscrcswinucnccapeeendedeteke 
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for FEED WATER 
TREATMENT 


DISODIUM. TRISODIUM 
PHOSPHATES 


The success of phosphates of Bowker 
manufacture in treating the usual 
hardness difficulties of Calcium 
Carbonate, Magnesium Carbonate, 

Calcium Sulphate, etc., indicates 

its remarkable adaptability for 

the purpose desired . . . Delivered 
promptly from distributing 
points near your plant. 


BOWKER conrasy 
419 Fourth Avenue, New York, N. Y. 


Ve ma 








Greater Cleaning Efficiency 
with BAYER SOOT BLOWERS 


The exclusive Bayer feature 
of full blowing force properly 
directed ig the reason why 
Bayer Balanced Valvein 
Head Blowers do a better 
cleaning job with less steam, 
less time, and less wear. 

In the Master Model “K-2” 
at the left, the valve, though 
truly tt of the Blower 
Head, operated entirely in- 
dependent of the rotating ele- 
ment. The controls are to- 
ether in the  operator’s 
ands, This Bayer principle 
insures full cleaning action 
with the minimum of steam 


used. 
BAYER CHROMITE is our 
trade name for the Chromium 


Iron Alloy from which these 
Cor septs ae age blower elements are fabricated 
oat bas OG tee We will into continuous length of 
~ lade dos oo . e rolled tubing (not cast). The 
ensiilonn your heat resistance of CHRO- 
° MITE combined with air- 
cooling produces a _ soot- 
blower element that is im- 
mune to oxidation and warp- 
ing even when exposed to 
temperatures as high as 2650 

deg. fahr. 


There are other Bayer fea- 
tures _ or ay in S&S 
; : new catalog that are 
MOMS ASTI «worth your consideration. If 
of boil er you are interested in blowers 
for any type of boilers, tell 
——e us your needs. 


THE BAYER COMPANY 


1508 Grand Blvd., St. Louis, Mo. 








Quickly and accurately 
made at moderate cost 


INCE 1907 the Fuel Engineering Company of 

New York has maintained a specialized fuel test- 
ing laboratory, primarily to supply to its own staff 
this necessary, basic information in connection with 
its consulting services, which have to do exclusively 
with coal selection and steam generation. 


The facilities of this laboratory, in which more 
than 100,000 coal samples have been tested, are 
available at a moderate charge to anyone who has 
coal samples to be tested. 


Our regular operating schedule for the proximate 
analysis (Volatile, moisture, ash, sulphur and 
B.t.u.) requires that reports shall be mailed the day 
following the receipt of the sample. 


Tests of Fuels other than coal are also furnished. 


FUEL ENGINEERING COMPANY 
OF NEW YORK 
116 East 18th Street, New York 


Consulting Fuel and Power Engineers 


FUEL ENGINEERING COMPANY OF NEW YORK, 

116 East 18th Street, New York 

Please send me further information on your fuel analyses 
together with costs. 








—COAL ANALYSES— 








oumngg I 2 month 5 subscrip- 
tion to COMBUSTION will bring you 
more useful information on fuel burning 
and steam generation than you could se- 
cure in any other way, even at many times 
the cost. 


IN-CE-CO PUBLISHING CORPORATION 
200 Madison Avenue, New York, N. Y. 


Please enter my subscription to COMBUSTION 
MAGAZINE beginning with the next issue. 


[ ]|Two Year, $3.00 
[ ]One Year, $2.00* 


Company Name 


Position 


(*Add $1.00 for Canadian and Foreign subscriptions) 
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